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(7) ABSTRACT

A first interpolation processing apparatus that engages in
processing on image data which are provided in a calori-
metric system constituted of first~nth (n=2) color compo-
nents and include color information corresponding to a
single color component provided at each pixel to determine
an interpolation value equivalent to color information cor-
responding to the first color component for a pixel at which
the first color component is missing, includes: an interpo-
lation value calculation section that uses color information at
pixels located in a local area containing an interpolation
target pixel to undergo interpolation processing to calculate
an interpolation value including, at least (1) local average
information of the first color component with regard to the
interpolation target pixel and (2) local curvature information
corresponding to at least two color components with regard
to the interpolation target pixel.
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FIG.5
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INTERPOLATION PROCESSING APPARATUS AND
RECORDING MEDIUM HAVING
INTERPOLATION PROCESSING PROGRAM
RECORDED THEREIN

[0001] This application is a continuation of International
Application No. PCT/JP00/09040 filed Dec. 20, 2000.

INCORPORATION BY REFERENCE

[0002] The disclosures of following applications are
herein incorporated by reference: Japanese Patent Applica-
tion No. H11-363007 filed Dec. 21, 1999; Japanese Patent
Application No. 2000-204768 filed Jul. 6, 2000; and Inter-
national Application No. PCT/JPOO/09040 filed Dec. 20,
2000.

BACKGROUND OF THE INVENTION
[0003] 1. Field of the Invention

[0004] The present invention relates to an interpolation
processing apparatus that engages in interpolation process-
ing on color image data to supplement a color component
and a luminance component missing in pixels and a record-
ing medium having an interpolation processing program for
achieving the interpolation processing on a computer, that
can be read by a computer.

[0005] 2. Description of the Related Art

[0006] Some electronic cameras generate color image data
by employing an image-capturing sensor having three color
(R, G and B.: red, green and blue) color filters provided at
specific positions (e.g., a Bayer array). In such an electronic
camera in which the individual pixels at the image-capturing
sensor each output color information corresponding to only
a single color component, it is necessary to implement
interpolation processing to obtain color information corre-
sponding to all the color components for each pixel.

[0007] In an interpolation processing method proposed in
the prior art, spatial similarity manifested by an interpolation
target pixel undergoing the interpolation processing is
judged and an interpolation value is calculated by using the
color information output from pixels positioned along the
direction in which a high degree of similarity is manifested.

[0008] For instance, in the art disclosed in U.S. Pat. No.
5,629,734, a green color interpolation value G5 for the
interpolation target pixel is calculated through one formula
among formula 1 through formula 3 when the color infor-
mation corresponding to individual pixels is provided as
shown below, with A5 representing the color information at
the interpolation target pixel (a pixel with the green color
component missing), Al, A3, A7 and A9 representing color
information from pixels provided with color filters in the
same color as the color of the filter at the interpolation target
pixel and G2, G4, G6 and G8 representing color information
from pixels provided with green color filters.

Jan. 3, 2002

Al
G2

A3 G4 AS G6 A7
G8

A9

[0009] If a marked similarity manifests along the horizon-
tal direction, the green color interpolation value G5 for the
interpolation target pixel is calculated through;

G5=(G4+G6)/2+(~A3+2A5-AT)/4

[0010] if a marked similarity manifests along the vertical
direction, the green color interpolation value G5 for the
interpolation target pixel is calculated through;

(formula 1).

G5=(G2+G8)/2+(~A1+2A5-A0)/4

[0011] If roughly equal degrees of similarity manifest
along the horizontal direction and the vertical direction, the
green color interpolation value G5 for the interpolation
target pixel is calculated through

(formula 2).

G5=(G2+G4+G6+G8)/A+(—A1-A3+4A5-AT-A9)/8

[0012] Tt is to be noted that in order to simplify the
subsequent explanation, the first terms ((G4+G6)/2, (G2+
G8)/2) in formulae 1 and 2 are each referred to as a primary
term and that second terms ((—~A3+2A5 -A7)/4, (-A1+2A5-
A9)/4) in formulae 1 and 2 are each referred to as a
correctional term.

[0013] In U.S. Pat. No. 5,629,734, assuming that the
image data undergoing the interpolation processing manifest
marked similarity along the horizontal direction with A3,
G4, A5, G6 and A7 provided as indicated with @ marks in
FIG. 17, A4 representing the average of A3 and A5, and A6
representing the average of A5 and A7, the value of the
correctional term in formula 1 is equivalent to the vector
quantity (o in FIG. 17) representing the difference between
A5 and the average of A4 and A6. In addition, the green
color interpolation value G5 is equivalent to a value
achieved by correcting the average of the values indicated
by the color information from pixels adjacent along the
horizontal direction (corresponds to the value of the primary
term in formula 1) by a.

[0014] In other words, in the art disclosed in U.S. Pat. No.
5,629,734, a green color interpolation value is calculated by
assuming that the color difference between the green color
component and the color component (the red color compo-
nent or the blue color component) at the interpolation target
pixel is constant ((A4-G4), (A5-G5) and (A6-G6) in FIG. 17
match) and correcting the average of the values indicated by
the color information from the pixels that are adjacent along
the direction in which a high degree of similarity is mani-
fested with color information corresponding to the same
color component as that of the interpolation target pixel.

(formula 3).

[0015] Optical systems such as lenses are known to mani-
fest magnification chromatic aberration. For instance, if
there is magnification chromatic aberration at the photo-
graphic lens of an electronic camera having an image-
capturing sensor provided with color filters in three colors,
ie., R, G and B, arranged in a Bayer array, images corre-
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sponding to the red color component and the blue color
component are formed at positions slightly offset from the
position at which the image corresponding to the green color
component is formed, as shown in FIGS. 18B and 18C.

[0016] If the photographic lens is free of any magnifica-
tion chromatic aberration and color information correspond-
ing to the individual pixels is provided as indicated by the @
marks in FIG. 19A (the image data undergoing the inter-
polation processing manifest marked similarity along the
horizontal direction, the color information corresponding to
the green color component indicates a constant value and the
values indicated by the color information corresponding to
the red color component and the color information corre-
sponding to the blue color component both change gently in
the vicinity of the interpolation target pixel (the pixel at
which A5 is present), the value of the correctional term in
formula 1 is 0 and, as a result, the average of G4 and G6 (the
primary term) is directly used as the green color interpola-
tion value G5 without correction.

[0017] However, when A3, A5 and A7 each represent
color information corresponding to the red color component
and each set of color information corresponding to the red
color component is offset by one pixel to the right due to a
magnification chromatic aberration at the photographic lens,
the color information from the individual pixels undergoes
a change as shown in FIG. 19B. Consequently, the value of
the correctional term in formula 1 is not O and the primary
term is over-corrected (hereafter referred to as an “over-
correction”) in such a case, resulting in the green color
interpolation value G5 that should be similar to the values
indicated by G4 and G6 becoming larger than the G4 and G6
values (hereafter this phenomenon is referred to as an
“overshoot”). If, on the other hand, A3, A5 and A7 each
represent color information corresponding to the blue color
component and each set of color information corresponding
to the blue color component is offset by one pixel to the left
due to a magnification chromatic aberration, the color infor-
mation from the individual pixels undergoes a change as
shown in FIG. 19C. Thus, the value of the correctional term
in formula 1 is not O, resulting in the green color interpo-
lation value G5 that should be similar to the G4 and G6
values becoming smaller than those corresponding to G4
and GO (hereafter this phenomenon is referred to as an
“undershoot”) through an over-correction.

[0018] In other words, the art disclosed in U.S. Pat. No.
5,629,734 poses a problem in that color artifacts occur in the
color image obtained through the interpolation processing
due to a magnification chromatic aberration.

[0019] An over correction also occurs at a color boundary
where the color difference changes as well as when there is
a magnification chromatic aberration. For instance, the color
information corresponding to the individual pixels is pro-
vided as indicated by the @ marks in FIGS. 20A and 20B
(when the color information corresponding to the green
color component is constant and the values identified by the
color information corresponding to the red color component
or the blue color component change drastically near the
interpolation target pixel (the pixel at which A5 is present)),
the value of the correctional term in formula 1 is not 0 and,
an overshoot or an undershoot occurs due to an over
correction with regard to the green color interpolation value
G5, which should be similar to the values indicated by G4
and G6.

Jan. 3, 2002

[0020] Thus, in a color boundary where the color differ-
ence changes, a color artifact occurs as a result of interpo-
lation processing even if there is no magnification chromatic
aberration. It is to be noted that such a color artifact as that
described above may occur when calculating a red color
interpolation value or a blue color interpolation value as well
as when calculating a green color interpolation value.

SUMMARY OF THE INVENTION

[0021] An object of the present invention is to provide an
interpolation processing apparatus capable of preventing
occurrence of color artifacts and a recording medium having
recorded therein an interpolation processing program with
which occurrence of color artifacts can be prevented.

[0022] More specifically, an object of the present inven-
tion is to suppress the occurrence of color artifacts by
reducing the problems of the prior art while retaining the
advantages of the interpolation processing in the prior art
and reducing the degree of the adverse effect of magnifica-
tion chromatic aberration.

[0023] In order to achieve the object described above, a
first interpolation processing apparatus according to the
present invention that engages in processing on image data
which are provided in a colorimetric system constituted of
first~nth (n=2) color components and include color infor-
mation corresponding to a single color component provided
at each pixel to determine an interpolation value equivalent
to color information corresponding to the first color com-
ponent for a pixel at which the first color component is
missing, comprises: an interpolation value calculation sec-
tion that uses color information at pixels located in a local
area containing an interpolation target pixel to undergo
interpolation processing to calculate an interpolation value
including, at least (1) local average information of the first
color component with regard to the interpolation target pixel
and (2) local curvature information corresponding to at least
two color components with regard to the interpolation target
pixel.

[0024] Namely, the first interpolation processing appara-
tus calculates an interpolation value by correcting the “local
average information of the first color component with regard
to the interpolation target pixel” with the “local curvature
information corresponding to at least two color components
with regard to the interpolation target pixel.” It is to be noted
that in the explanation of the first interpolation processing
apparatus, the “local average information of the first color
component with regard to the interpolation target pixel” may
be the average of the values indicated by the color infor-
mation corresponding to the first color component present in
the local area containing the interpolation target pixel or a
value within the range of the values indicated by the color
information corresponding to the first color component in
the local area containing the interpolation target pixel. In
addition, the “local curvature information corresponding to
at least two color components with regard to the interpola-
tion target pixel” refers to information that indicates how the
color information corresponding to at least two color com-
ponents in the local area containing the interpolation target
pixel changes. In other words, the local curvature informa-
tion corresponding to a given color component is informa-
tion that indicates the degree of change in the rate of change
occurring with regard to the color component in the local
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area, and when the values corresponding to each color
component are plotted and rendered as a curve (or a polygo-
nal line), the information indicates the curvature and the
degree of change in the curvature (this definition applies in
the subsequent description). The information, which may be
obtained by calculating a quadratic differential or a higher
differential of the color component, indicates a value reflect-
ing structural information with regard to fluctuations in the
values corresponding to the color component. When the
information is rendered in a polygonal line, it indicates
changes in the inclinations of the individual line segments.

[0025] A second interpolation processing apparatus
achieves that in the first interpolation processing apparatus
the interpolation value calculation section calculates, as the
local curvature information corresponding to at least two
color components, (1) local curvature information based
upon a color component matching a color component at the
interpolation target pixel and (2) local curvature information
based upon a color component other than the color compo-
nent at the interpolation target pixel.

[0026] Namely, in the second interpolation processing
apparatus, the interpolation value is calculated by correcting
the “local average information of the first color component
with regard to the interpolation target pixel” with the “local
curvature information based upon a color component match-
ing the color component at the interpolation target pixel” and
the “local curvature information based upon a color com-
ponent other than the color component at the interpolation
target pixel.”

[0027] 1t is to be noted that in the explanation of the
second interpolation processing apparatus, the “local curva-
ture information based upon a color component matching
the color component at the interpolation target pixel (or a
color component other than the color component at the
interpolation target pixel)” refers to information that indi-
cates how the color information corresponding to the color
component matching the color component at the interpola-
tion target pixel (or a color component other than the color
component at the interpolation target pixel) in the local area
containing the interpolation target pixel changes and is
represented as a value reflecting the structural information
regarding the fluctuations obtained through calculation of a
quadratic differential or a higher differential of the color
component.

[0028] A third interpolation processing apparatus that
engages in processing on image data which are provided in
a colorimetric system constituted of first~nth (n=2) color
components and include color information corresponding to
a single color component provided at each pixel to deter-
mine an interpolation value equivalent to color information
corresponding to the first color component for a pixel at
which the first color component is missing, comprises: an
interpolation value calculation section that uses color infor-
mation at pixels located in a local area containing an
interpolation target pixel to undergo interpolation processing
to calculate an interpolation value including, at least (1)
local average information of the first color component with
regard to the interpolation target pixel and (2) local curva-
ture information based upon a color component other than a
color component at the interpolation target pixel.

[0029] Namely, in the third interpolation processing appa-
ratus, the interpolation value is calculated by correcting the
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“local average information of the first color component with
regard to the interpolation target pixel” with the “local
curvature information based upon a color component other
than the color component at the interpolation target pixel.”It
is to be noted that in the explanation of the third interpola-
tion processing apparatus, the “local curvature information
based upon a color component other than the color compo-
nent at the interpolation target pixel” refers to information
that indicates how the color information corresponding to
the color component other than the color component at the
interpolation target pixel in the local area containing the
interpolation target pixel changes and is represented as a
value reflecting the structural information regarding the
fluctuations obtained through calculation of a quadratic
differential or a higher differential of the color component.

[0030] A fourth interpolation processing apparatus that
engages in processing on image data which are provided in
a colorimetric system constituted of first~nth (n=2) color
components and include color information corresponding to
a single color component provided at each pixel to deter-
mine an interpolation value equivalent to color information
corresponding to the first color component for a pixel at
which the first color component is missing, comprises: an
interpolation value calculation section that uses color infor-
mation at pixels located in a local area containing an
interpolation target pixel to undergo interpolation processing
to calculate an interpolation value including, at least (1)
local average information of the first color component with
regard to the interpolation target pixel and (2) local curva-
ture information corresponding to the first color component
with respect to the interpolation target pixel.

[0031] Namely, in the fourth interpolation processing
apparatus, the interpolation value is calculated by correcting
the “local average information of the first color component
with regard to the interpolation target pixel” with the “local
curvature information corresponding to the first color com-
ponent with regard to the interpolation target pixel”

[0032] Ttis to be noted that in the explanation of the fourth
interpolation processing apparatus, the “local curvature
information corresponding to the first color component with
respect to the interpolation target pixel” refers to informa-
tion that indicates how the color information corresponding
to the first color component in the local area containing the
interpolation target pixel changes and is represented as a
value reflecting the structural information regarding the
fluctuations obtained through calculation of a quadratic
differential or a higher differential of the color component.

[0033] A fifth interpolation processing apparatus achieves
that in the first through third interpolation processing appa-
ratus a first similarity judgment section that judges degrees
of similarity to the interpolation target pixel along at least
two directions in which pixels with color information cor-
responding to the first color component are connected with
the interpolation target pixel; and a second similarity judg-
ment section that judges degrees of similarity to the inter-
polation target pixel along at least two directions other than
the directions in which the degrees of similarity are judged
by the first similarity judgment section, are further provided,
and: the interpolation value calculation section selects a
direction along which pixels having color information to be
used to calculate the local average information of the first
color component are set based upon results of a judgment
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made by the first similarity judgment section; (1) the inter-
polation value calculation section selects a direction along
which pixels having color information to be used to calcu-
late the local curvature information are set based upon
results of the judgment made by the first similarity judgment
section if the local curvature information is “local curvature
information constituted of a single color component and
manifesting directionality along a direction in which degrees
of similarity are judged by the first similarity judgment
section”; and (2) the interpolation value calculation section
selects a direction along which pixels having color infor-
mation to be used to calculate the local curvature informa-
tion are set based upon results of a judgment made by the
second similarity judgment section if the local curvature
information is “local curvature information constituted of a
single color component and manifesting directionality along
a direction in which degrees of similarity are judged by the
second similarity judgment section.”

[0034] Namely, in the fifth interpolation processing appa-
ratus, any of the “local curvature information corresponding
to at least two color components with regard to the inter-
polation target pixel” in the first interpolation processing
apparatus and the “local curvature information based upon a
color component matching the color component at the
interpolation target pixel” and the “local curvature informa-
tion based upon a color component other than the color
component at interpolation target pixel” in the second or the
third interpolation processing apparatus that constitutes
“local curvature information constituted of a single color
component and manifesting directionality along a direction
in which degrees of similarity are judged by the first
similarity judgment section” is calculated by using color
information at pixels present along a direction selected
based upon the results of the judgment made by the first
similarity judgment section, whereas any of the information
listed above that constitutes “local curvature information
constituted of a single color component and manifesting
directionality along a direction in which degrees of similar-
ity are judged by the second similarity judgment section” is
calculated by using color information at pixels present along
a direction selected based upon the results of the judgment
made by the second similarity judgment section.

[0035] 1t is to be noted that the details of the directions
along which the various types of local curvature information
manifest directionality are to be defined in the “Best Mode
For Carrying Out The Invention”.

[0036] As described above, the color information used to
calculate local curvature information can be seclected in
correspondence to degrees of similarity to the interpolation
target pixel in the fifth interpolation processing apparatus. In
addition, the color information used to calculate the local
average information of the first color component, too, can be
selected in correspondence to the degrees of similarity to the
interpolation target pixel.

[0037] A sixth interpolation processing apparatus that
engages in processing on image data which are provided in
a colorimetric system constituted of first~nth (n=2) color
components and include color information corresponding to
a single color component provided at each pixel to deter-
mine an interpolation value equivalent to color information
corresponding to the first color component for a pixel at
which the first color component is missing, comprises: an

Jan. 3, 2002

interpolation value calculation section that calculates an
interpolation value including at least two terms, i.e., a first
term and a second term by using color information at pixels
set in a local area containing an interpolation target pixel to
undergo interpolation processing; a first similarity judge-
ment section that judges degrees of similarity to the inter-
polation target pixel along at least two directions in which
pixels having color information corresponding to the first
color component are connected to the interpolation target
pixel; and a second similarity judgment section that judges
degrees of similarity to the interpolation target pixel along at
least two directions other than the directions in which the
degrees of similarity are judged by the first similarity
judgment section, wherein: the interpolation value calcula-
tion section selects a direction along which pixels having
color information to be used to calculate the first term are set
based upon results of a judgment made by the first similarity
judgment section and selects a direction along which pixels
having color information to be used to calculate the second
term are set based upon results of a judgment made by the
second similarity judgment section.

[0038] Namely, in the sixth interpolation processing appa-
ratus, in which the directions in which similarity is judged
by the second similarity judgment section are different from
the directions along which similarity is judged by the first
similarity judgment section, the processing can be per-
formed by using color information from pixels set along
more directions including the direction along which color
information used to calculate the second term is provided as
well as the direction along which color information used to
calculate the first term is provided.

[0039] Thus, the interpolation value can be calculated by
using color information at pixels located along a finely
differentiated plurality of directions in the sixth interpolation
processing apparatus. In addition, the first term and the
second term can be calculated by using color information at
pixels set along the direction in which a high degree of
similarity is manifested or through weighted synthesis of
color information from pixels located along a plurality of
directions, which is performed in correspondence to varying
degrees of similarity, in the sixth interpolation processing
apparatus.

[0040] A seventh interpolation processing apparatus
achieves that in the sixth interpolation processing apparatus
the interpolation value calculation section: calculates a term
containing (a) local average information of the first color
component with regard to the interpolation target pixel and
(b) local curvature information constituted of a single color
component and manifesting directionality along a direction
in which degrees of similarity are judged by the first
similarity judgment section, as the first term; and calculates
a term containing local curvature information constituted of
a single color component and manifesting directionality
along a direction in which degrees of similarity are judged
by the second similarity judgment section, as the second
term.

[0041] Namely, in the seventh interpolation processing
apparatus, the interpolation value is calculated by correcting
the “local average information of the first color component
with regard to the interpolation target pixel” with the “local
curvature information constituted of a single color compo-
nent and manifesting directionality along a direction in
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which degrees of similarity are judged by the first similarity
judgment section” and the “local curvature information
constituted of a single color component and manifesting
directionality along a direction in which degrees of similar-
ity are judged by the second similarity judgment section.”

[0042] Tt is to be noted that the details of the directions
along which the various types of local curvature information
manifest directionality are to be defined in the “Best Mode
For Carrying Out The Invention”.

[0043] An eighth interpolation processing apparatus
achieves that in the fifth or seventh interpolation processing
apparatus: when image data are provided in a colorimetric
system constituted of first~third color components with the
first color component achieving a higher spatial frequency
than the second color component and the third color com-
ponent, the first color component set in a checker-board
pattern, the second color component and the third color
component each set in a line sequence between pixels at
which color information corresponding to the first color
component is present and information corresponding to the
second color component present at the interpolation target
pixel; the first similarity judgment section calculates simi-
larity degrees manifested by the interpolation target pixel
along two directions, i.e., a vertical direction and a horizon-
tal direction, in which pixels with color information corre-
sponding to the first color component that are closest to the
interpolation target pixel are connected to the interpolation
target pixel and makes a judgment with regard to degrees of
similarity manifested by the interpolation target pixel along
the vertical direction and the horizontal direction based upon
a difference between the similarity degrees; the second
similarity judgment section calculates similarity degrees
manifested by the interpolation target pixel along two diago-
nal directions in which pixels with color information corre-
sponding to the third color component that are closest to the
interpolation target pixel are connected to the interpolation
target pixel and makes a judgment with regard to degrees of
similarity manifested by the interpolation target pixel along
the two diagonal directions based upon a difference between
the similarity degrees; and the interpolation value calcula-
tion section selects at least either the second color compo-
nent or the first color component based upon which the
“local curvature information constituted of a single color
component and manifesting directionality along a direction
in which degrees of similarity are judged by the first
similarity judgment section” is provided and selects at least
either the second color component or the third color com-
ponent based upon which the “local curvature information
constituted of a single color component and manifesting
directionality along a direction in which degrees of similar-
ity are judged by the second similarity judgment section” is
provided.

[0044] The details of the directions along which the vari-
ous types of local curvature information manifest direction-
ality are to be defined in the “Best Mode For Carrying Out
The Invention”.

[0045] In the eighth interpolation processing apparatus,
the color component manifesting directionality along the
two directions, i.c., the vertical direction and the horizontal
direction in which degrees of similarity are judged by the
first similarity judgment section, includes the second color
component and the first color component and the color
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components manifesting directionality along the two diago-
nal directions in which degrees of similarity are judged by
the second similarity judgment section includes the second
color component and the third color component.

[0046] Thus, the “local curvature information constituted
of a single color component and manifesting directionality
along a direction in which degrees of similarity are judged
by the first similarity judgment section” in the fifth or
seventh interpolation processing apparatus is calculated with
respect to at least either the second color component or the
first color component based upon the results of the judgment
made by the first similarity judgment section and the “local
curvature information constituted of a single color compo-
nent and manifesting directionality along a direction in
which degrees of similarity are judged by the second simi-
larity judgment section™ is calculated with respect to at least
either the second color component or the third color com-
ponent based upon the results of the judgment made by the
second similarity judgment section.

[0047] In addition, in the eighth interpolation processing
apparatus, the similarity manifesting along the diagonal
directions is reflected with a high degree of reliability when
calculating the “local curvature information based upon a
color component achieving similarity along a direction in
which degrees of similarity are judged by the second simi-
larity judgment section.”

[0048] A ninth interpolation processing apparatus
achieves that in the eighth interpolation processing appara-
tus: when the local curvature information is “local curvature
information based upon a color component other than the
color component at the interpolation target pixel”, the inter-
polation value calculation section selects the first color
component or the third color component to which the local
curvature information is to correspond in conformance to the
degrees of similarity judged by the second similarity judg-
ment section.

[0049] In the ninth interpolation processing apparatus, the
third color component is present at pixels adjacent to the
interpolation target pixel along the two diagonal directions
and the similarity judged by the second similarity judgment
section is the similarity manifested by the interpolation
target pixel along the two diagonal directions.

[0050] In other words, in the ninth interpolation process-
ing apparatus, the similarity along the diagonal directions
can be reflected in the “local curvature information based
upon a color component other than the color component at
the interpolation target pixel” by switching the “local cur-
vature information based upon a color component other than
the color component at the interpolation target pixel” to
correspond to the first color component or the third color
component.

[0051] Atenth interpolation processing apparatus achieves
that in the ninth interpolation processing apparatus: the
interpolation value calculation section calculates local cur-
vature information based upon the first color component if
the second similarity judgment section judges that roughly
equal degrees of similarity manifest along the two diagonal
directions and calculates local curvature information based
upon the third color component if the second similarity
judgment section judges that a higher degree of similarity
manifests along one of the two diagonal directions compared
to the other diagonal direction.
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[0052] Namely, in the 10th interpolation processing appa-
ratus, the similarity manifesting along the diagonal direc-
tions is reflected with a high degree of reliability when
calculating the “local curvature information based upon a
color component other than the color component at the
interpolation target pixel.”

[0053] An 11th interpolation processing apparatus
achieves that in the eighth interpolation processing appara-
tus: the first similarity judgment section judges that roughly
equal degrees of similarity manifest along the vertical direc-
tion and the horizontal direction if a difference between the
similarity degrees along the vertical direction and the hori-
zontal direction is smaller than a specific threshold value;
and the second similarity judgment section judges that
roughly equal degrees of similarity manifest along the two
diagonal directions if a difference between the similarity
degrees along the two diagonal directions is smaller than a
specific threshold value.

[0054] As a result, the adverse effect of noise can be
reduced in the judgement of the similarity along the two
directions, i.e., the vertical direction and the horizontal
direction and the similarity manifesting along the two diago-
nal directions in the 11th interpolation processing apparatus.

[0055] A 12th interpolation processing apparatus achieves
that in the eighth interpolation processing apparatus: the first
similarity judgment section calculates the similarity degrees
along the vertical direction and the horizontal direction by
using color information corresponding to a plurality of color
components for a single interpolation target pixel; and the
second similarity judgment section calculates the similarity
degrees along the two diagonal directions by using color
information corresponding to a plurality of color compo-
nents for a single interpolation target pixel.

[0056] In other words, in the 12th interpolation processing
apparatus, color information corresponding to a plurality of
color components is reflected in the judgement of the
similarity manifesting along the vertical and horizontal
directions and the similarity manifesting along the two
diagonal directions.

[0057] A 13th interpolation processing apparatus achieves
that in the twelfth interpolation processing apparatus: the
second similarity judgment section calculates a similarity
degree manifesting along each of the two diagonal directions
through weighted addition of: (1) a similarity degree com-
ponent constituted of color information corresponding to the
first color component alone; (2) a similarity degree compo-
nent constituted of color information corresponding to the
second color component alone; (3) a similarity degree
component constituted of color information corresponding
to the third color component alone; and (4) a similarity
degree component constituted of color information corre-
sponding to the second color component and the third color
component.

[0058] As a result, color information corresponding to a
plurality of color components is reflected with a high degree
of reliability in the judgement of the similarity manifesting
along the two diagonal directions in the 13th interpolation
processing apparatus.

[0059] A 14th interpolation processing apparatus achieves
that in the eighth: the first similarity judgment section
calculates similarity degrees along the vertical direction and
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the horizontal direction for each pixel and makes a judgment
on similarity manifested by the interpolation target pixel
along the vertical direction and the horizontal direction
based upon differences in similarity degrees manifesting at
nearby pixels as well as at the interpolation target pixel; and
the second similarity judgment section calculates similarity
degrees along the two diagonal directions for each pixel and
makes a judgment on similarity manifested by the interpo-
lation target pixel along the two diagonal directions based
upon differences in similarity degrees manifesting at nearby
pixels as well as at the interpolation target pixel.

[0060] Namely, in the 14th interpolation processing appa-
ratus, the continuity with the nearby pixels is reflected in the
judgement of the similarity manifesting along the vertical
and horizontal directions and the similarity manifesting
along the two diagonal directions.

[0061] A 15th interpolation processing apparatus that
engages in processing on image data which are provided in
a calorimetric system constituted of first~nth (n=2) color
components and include color information corresponding to
a single color component provided at each pixel to deter-
mine an interpolation value equivalent to color information
corresponding to the first color component for a pixel at
which the first color component is missing, comprises: a first
term calculation section that calculates a first term repre-
senting average information of the first color component
with regard to an interpolation target pixel to undergo
interpolation processing by using color information corre-
sponding to color components at pixels set in a local area
containing the interpolation target pixel; a second term
calculation section that calculates a second term represent-
ing local curvature information based upon a color compo-
nent matching the color component at the interpolation
target pixel with regard to the interpolation target pixel by
using color information corresponding to color components
at pixels set in a local area containing the interpolation target
pixel; and an interpolation value calculation section that
calculates an interpolation value by adding the second term
multiplied by a weighting coefficient constituted of color
information corresponding to a plurality of color compo-
nents at pixels in the local area containing the interpolation
target pixel to the first term.

[0062] In other words, in the 15th interpolation processing
apparatus, the interpolation value is calculated by correcting
the “average information of the first color component with
regard to the interpolation target pixel” with the “local
curvature information based upon a color component match-
ing the color component at the interpolation target pixel with
regard to the interpolation target pixel” multiplied by a
weighting coefficient constituted of color information cor-
responding to a plurality of color components present at
pixels within a local area containing the interpolation target
pixel.

[0063] A 16th interpolation processing apparatus achieves
that in the 15th interpolation processing apparatus: the
interpolation value calculation section uses color informa-
tion corresponding to a plurality of color components pro-
vided at the interpolation target pixel and at a plurality of
pixels set along a predetermined direction relative to the
interpolation target pixel to ascertain inclinations manifest-
ing in color information corresponding to the individual
color components along the direction and calculates the
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weighting coefficient in conformance to a correlation mani-
festing among the inclinations in the color information
corresponding to the individual color components.

[0064] As a result, in the 16th interpolation processing
apparatus, in which the “average information of the first
color component with regard to the interpolation target
pixel” is corrected with the “local curvature information
based upon a color component matching the color compo-
nent at the interpolation target pixel with regard to the
interpolation target pixel” multiplied by the weighting coef-
ficient, and the weighting coefficient is calculated in con-
formance to the correlation among the inclinations of the
color information corresponding to the different color com-
ponents in the local area containing the interpolation target
pixel.

[0065] A 17th interpolation processing apparatus that
implements processing for supplementing a color compo-
nent value at a pixel at which information corresponding to
a color component is missing in image data provided in a
calorimetric system constituted of a luminance component
and the color component, with the luminance component
having a higher spatial frequency than the color component
and the luminance component present both at pixels having
information corresponding to the color component and at
pixels lacking information corresponding to the color com-
ponent, comprises: a hue value calculation section that
calculates hue values at a plurality of pixels located near an
interpolation target pixel to undergo interpolation processing
and having both the luminance component and the color
component by using luminance component values and color
component values at the individual pixels; a hue value
interpolation section that calculates a hue value at the
interpolation target pixel by using a median of the hue values
at the plurality of pixels calculated by the hue value calcu-
lation section; and a color conversion section that interpo-
lates a color component at the interpolation target pixel by
using the luminance component at the interpolation target
pixel to convert the hue value at the interpolation target pixel
calculated by the hue value interpolation section to a color
component.

[0066] Namely, in the 17th interpolation processing appa-
ratus, the hue value of the interpolation target pixel is
calculated by using the median of the hue values of a
plurality of pixels located near the interpolation target pixel.

[0067] A 18th interpolation processing apparatus that
implements processing for supplementing a luminance com-
ponent at a pixel at which information corresponding to a
luminance component is missing and supplementing a color
component at a pixel at which information corresponding to
a color component is missing, on image data provided in a
calorimetric system constituted of the luminance component
and the color component, with the luminance component
having a higher spatial frequency than the color component
and a given pixel having only information corresponding to
either the luminance component or the color component,
comprises: a luminance component interpolation section
that interpolates a luminance component at a luminance
component interpolation target pixel to undergo luminance
component interpolation processing by using at least either
“similarity manifesting between the luminance component
interpolation target pixel and a pixel near the luminance
component interpolation target pixel” or “a plurality of color
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components within a local area containing the luminance
component interpolation target pixel”; a hue value calcula-
tion section that calculates hue values at a plurality of pixels
located near an interpolation target pixel to undergo color
component interpolation processing, having color compo-
nent values and having luminance component values inter-
polated by the luminance component interpolation section,
by using the luminance component values and color com-
ponent values at the individual pixels; a hue value interpo-
lation section that calculates a hue value for the interpolation
target pixel by using a median of the hue values at the
plurality of pixels calculated by the hue value calculation
section; and a color conversion section that interpolates a
color component value for the interpolation target pixel by
using the luminance component value at the interpolation
target pixel to convert the hue value at the interpolation
target pixel calculated by the hue value interpolation section
to a color component value.

[0068] Namely, in the 18th interpolation processing appa-
ratus, the hue value of the interpolation target pixel is
calculated by using the median of the hue values of a
plurality of pixels located near the interpolation target pixel.

[0069] A 19th interpolation processing apparatus achieves
that in the 17th or 18th interpolation processing apparatus:
when the luminance component in the image data corre-
sponds to a green color component and the color component
in the image data corresponds to a red color component and
a blue color component, the hue value interpolation section
calculates a hue value for the interpolation target pixel by
using a median of hue values containing the red color
component at pixels near the interpolation target pixel if the
green color component is present but the red color compo-
nent is missing at the interpolation target pixel and calculates
a hue value for the interpolation target pixel by using a
median of hue values containing the blue color component
at pixels near the interpolation target pixel if the green color
component is present but the blue color component is
missing at the interpolation target pixel.

[0070] In other words, in the 19th interpolation processing
apparatus, the hue value of the interpolation target pixel at
which the green color component is present but the red color
component is missing is calculated by using the median of
the hue values containing the red color component from
pixels located near the interpolation target pixel, whereas the
hue value of the interpolation target pixel at which the green
color component is present but the blue color component is
missing is calculated by using the median of the hue values
containing the blue color component from pixels located
near the interpolation target pixel.

[0071] A 20th interpolation processing apparatus achieves
that in the 17th or 18th interpolation processing apparatus:
when the luminance component in the image data corre-
sponds to a green color component and the color component
in the image data corresponds to a red color component and
a blue color component, the hue value interpolation section
calculates a hue value for the interpolation target pixel by
using a median of hue values containing the red color
component at pixels set near the interpolation target pixel if
the blue color component is present but the red color
component is missing at the interpolation target pixel.

[0072] Namely, in the 20th interpolation processing appa-
ratus, the hue value of the interpolation target pixel at which
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the blue color component is present but the red color
component is missing is calculated by using the median of
the hue values containing the red color component from
pixels located near the interpolation target pixel.

[0073] A 21st interpolation processing apparatus achieves
that in the 17th or 18th interpolation processing apparatus:
when the luminance component in the image data corre-
sponds to a green color component and the color component
in the image data corresponds to a red color component and
a blue color component, the hue value interpolation section
calculates a hue value for the interpolation target pixel by
using a median of hue values containing the blue color
component at pixels set near the interpolation target pixel if
the red color component is present but the blue color
component is missing at the interpolation target pixel.

[0074] Namely, in the 21st interpolation processing appa-
ratus, the hue value of the interpolation target pixel at which
the red color component is present but the blue color
component is missing is calculated by using the median of
the hue values containing the blue color component from
pixels located near the interpolation target pixel.

[0075] A?22nd interpolation processing apparatus achieves
that in the any one of the 17th through 21st interpolation
processing apparatus a color component is missing at the
interpolation target pixel present at only one pixel among
four pixels set symmetrically along the vertical direction and
the horizontal direction, and the hue value interpolation
section comprises: a first hue value interpolation unit that
calculates a hue value for the interpolation target pixel by
using a median of hue values at a plurality of diagonally
adjacent pixels if the hue values of the plurality of diago-
nally adjacent pixels adjacent to the interpolation target
pixel along diagonal directions have been calculated by the
hue value calculation section; and a second hue value
interpolation unit that calculates a hue value for the inter-
polation target pixel by using a median of hue values at a
plurality of vertically and horizontally adjacent pixels if the
hue values of the plurality of vertically and horizontally
adjacent pixels adjacent to the interpolation target pixel in
the vertical direction and the horizontal direction have been
calculated by the hue value calculation section or the first
hue value interpolation unit.

[0076] In other words, in the 22nd interpolation process-
ing apparatus, if the hue values at pixels adjacent along the
diagonal directions are already calculated, the hue value of
the interpolation target pixel is calculated by using the
median of the hue values at the diagonally adjacent pixels,
whereas if the hue values at pixels adjacent in the vertical
and horizontal directions are already calculated, the hue
value of the interpolation target pixel is calculated by using
the median of the hue values at the vertically and horizon-
tally adjacent pixels.

[0077] A first recording medium has an interpolation pro-
cessing program recorded therein to implement on a com-
puter processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n22) color
components with color information corresponding to a
single color component present at each pixel. The interpo-
lation processing program comprises: an interpolation value
calculation step in which an interpolation value including, at
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least (1) local average information of the first color compo-
nent with regard to an interpolation target pixel to undergo
interpolation processing and (2) local curvature information
corresponding to at least two color components with regard
to the interpolation target pixel, is calculated by using color
information provided at pixels set within a local area con-
taining the interpolation target pixel.

[0078] Namely, through the interpolation processing pro-
gram recorded at the first recording medium, the interpola-
tion value is calculated by correcting the “local average
information of the first color component with regard to the
interpolation target pixel” with the “local curvature infor-
mation corresponding to at least two color components with
regard to the interpolation target pixel.”

[0079] A second recording medium has an interpolation
processing program recorded therein to implement on a
computer processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n=2) color
components with color information corresponding to a
single color component present at each pixel. The interpo-
lation processing program comprises: an interpolation value
calculation step in which an interpolation value including, at
least (1) local average information of the first color compo-
nent with regard to an interpolation target pixel to undergo
the interpolation processing; and (2) local curvature infor-
mation based upon a color component other than a color
component at the interpolation target pixel, is calculated by
using color information provided at pixels set within a local
area containing the interpolation target pixel.

[0080] Namely, through the interpolation processing pro-
gram recorded at the second recording medium, the inter-
polation value is calculated by correcting the “local average
information of the first color component with regard to the
interpolation target pixel” with the “local curvature infor-
mation based upon a color component other than the color
component at the interpolation target pixel.”

[0081] A third recording medium has an interpolation
processing program recorded therein to implement on a
computer processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n=2) color
components with color information corresponding to a
single color component present at each pixel. The interpo-
lation processing program comprises: an interpolation value
calculation step in which an interpolation value including, at
least (1) local average information of the first color compo-
nent with regard to an interpolation target pixel to undergo
the interpolation processing, and (2) local curvature infor-
mation corresponding to the first color component with
respect to the interpolation target pixel, is calculated by
using color information provided at pixels set within a local
area containing the interpolation target pixel.

[0082] Namely, through the interpolation processing pro-
gram recorded at the third recording medium, the interpo-
lation value is calculated by correcting the “local average
information of the first color component with regard to the
interpolation target pixel” with the “local curvature infor-
mation corresponding to the first color component with
respect to the interpolation target pixel.”
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[0083] A fourth recording medium has an interpolation
processing program recorded therein to implement on a
computer processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
calorimetric system constituted of first~nth (n=2) color
components with color information corresponding to a
single color component present at each pixel. The interpo-
lation processing program comprises: an interpolation value
calculation step in which an interpolation value including at
least two terms, i.e., a first term and a second term is
calculated by using color information at pixels set within a
local area containing an interpolation target pixel to undergo
interpolation processing; a first similarity judgment step in
which degrees of similarity to the interpolation target pixel
are judged along at least two directions in which pixels
having color information corresponding to the first color
component are connected with the interpolation target pixel;
and a second similarity judgment step in which degrees of
similarity to the interpolation target pixel are judged along
at least two directions other than the directions along which
the degrees of similarity are judged in the first similarity
judgment step, wherein: in the interpolation value calcula-
tion step, a direction in which pixels having color informa-
tion to be used to calculate the first term are set is selected
based upon results of a judgment made in the first similarity
judgment step and a direction in which pixels having color
information to be used to calculate the second term are set
is selected based upon results of a judgment made in the
second similarity judgment step.

[0084] In other words, since the directions along which
similarity is judged in the second similarity judging step are
different from the directions in which similarity is judged in
the first similarity judging step in the interpolation process-
ing program recorded at the fourth recording medium, color
information from pixels located along more diverse direc-
tions including a direction along which the color information
used to calculate the second term is provided as well as a
direction along which the color information used to calculate
the first term is provided can be used in the processing.

[0085] A fifth recording medium has an interpolation
processing program recorded therein to implement on a
computer processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n22) color
components with color information corresponding to a
single color component present at each pixel. The interpo-
lation processing program comprises: a first term calculation
step in which a first term representing average information
of the first color component with regard to an interpolation
target pixel to undergo interpolation processing is calculated
by using color information corresponding to a color com-
ponent at pixels set within a local area containing the
interpolation target pixel; a second term calculation step in
which a second term representing local curvature informa-
tion based upon a color component matching the color
component at the interpolation target pixel is calculated with
regard to the interpolation target pixel by using color infor-
mation corresponding to a color component at pixels set
within a local area containing the interpolation target pixel;
and an interpolation value calculation step in which an
interpolation value is calculated by adding the second term
multiplied by a weighting coefficient constituted of color
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information corresponding to a plurality of color compo-
nents provided at pixels set within a local area containing the
interpolation target pixel to the first term.

[0086] Namely, through the interpolation processing pro-
gram recorded at the fifth recording medium, the interpola-
tion value is calculated by correcting the “average informa-
tion of the first color component with regard to the
interpolation target pixel” with the “local curvature infor-
mation based upon a color component matching the color
component at the interpolation target pixel with regard to the
interpolation target pixel” multiplied by a weighting coef-
ficient constituted of color information corresponding to a
plurality of color components at the interpolation target
pixel and at pixels located in the local area containing the
interpolation target pixel.

[0087] A sixth recording medium has an interpolation
processing program recorded therein for implementing on a
computer processing supplementing a color component
value at a pixel at which information corresponding to a
color component is missing, on image data provided in a
colorimetric system constituted of a luminance component
and the color component, with the luminance component
having a higher spatial frequency than the color component
and the luminance component present both at pixels having
information corresponding to the color component and at
pixels lacking information corresponding to the color com-
ponent. The interpolation processing program comprises: a
hue value calculation step in which hue values for a plurality
of pixels near an interpolation target pixel to undergo
interpolation processing and having information corre-
sponding to both the luminance component and the color
component are calculated by using luminance component
values and color component values at the individual pixels;
a hue value interpolation step in which a hue value for the
interpolation target pixel is calculated by using a median of
the hue values at the plurality of pixels calculated in the hue
value calculation step; and a color conversion step in which
a color component value at the interpolation target pixel is
interpolated by using a value indicated by the luminance
component present at the interpolation target pixel to con-
vert the hue value of the interpolation target pixel calculated
in the hue value interpolation step to a color component
value.

[0088] Namely, through the interpolation processing pro-
gram recorded at the sixth recording medium, the hue value
of the interpolation target pixel is calculated by using the
median of the hue values at a plurality of pixels present near
the interpolation target pixel.

[0089] A seventh recording medium has an interpolation
processing program recorded therein for implementing on a
computer processing for supplementing a luminance com-
ponent value at a pixel at which information corresponding
to a luminance component is missing and a color component
value at a pixel at which information corresponding to a
color component missing, on image data provided in a
calorimetric system constituted of the luminance component
and the color component, with the luminance component
having a higher spatial frequency than the color component
and information corresponding to either the luminance com-
ponent or the color component present at each pixel. The
interpolation processing program comprises: a luminance
component interpolation step in which a luminance compo-
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nent value is interpolated for a luminance component inter-
polation target pixel to undergo luminance component inter-
polation processing by using at least either “similarity
between the luminance component interpolation target pixel
and a pixel near the luminance component interpolation
target pixel” or “information corresponding to a plurality of
color components within a local area containing the lumi-
nance component interpolation target pixel”; a hue value
calculation step in which hue values at a plurality of pixels
located near an interpolation target pixel to undergo color
component interpolation processing, having color compo-
nent values and having luminance component values inter-
polated in the luminance component interpolation step are
calculated by using the luminance component values and
color component values at the individual pixels; a hue value
interpolation step in which a hue value for the interpolation
target pixel is calculated by using a median of the hue values
at the plurality of pixels calculated in the hue value calcu-
lation step; and a color conversion step in which a color
component value is interpolated for the interpolation target
pixel by using the luminance component value at the inter-
polation target pixel to convert the hue value at the inter-
polation target pixel calculated in the hue value interpolation
step to a color component value.

[0090] Namely, through the interpolation processing pro-
gram recorded at the seventh recording medium, the hue
value of the interpolation target pixel is calculated by using
the median of the hue values at a plurality of pixels present
near the interpolation target pixel.

[0091] Tt is to be noted that by adopting the interpolation
processing programs at the first~seventh recording media,
the first, third, fourth, sixth, 15th, 17th and 19th interpolation
processing apparatuses may be realized on a computer.
Likewise, the second, fifth, seventh~14th, 16th, 18th, and
20th~22nd interpolation processing apparatuses may be
realized through interpolation processing programs recorded
at recording media. These interpolation processing programs
may be provided to a computer through a communication
line such as the Internet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0092] FIG. 1 is a functional block diagram of an elec-
tronic camera corresponding to first through fifth embodi-
ments;

[0093] FIGS. 2A and 2B show the arrangements of the
color components in the image data adopted in the first
embodiment, the second embodiment and the fourth
embodiment;

[0094] FIGS. 3A and 3B show the arrangements of the
color components in the image data adopted in the third
embodiment and the fifth embodiment;

[0095] FIG. 4 is a flowchart (1) of the operation achieved
at the interpolation processing unit in the first embodiment;

[0096] FIG. 5 is a flowchart (2) of the operation achieved
at the interpolation processing unit in the first embodiment;

[0097] FIGS. 6A and 6B illustrate methods of weighted
addition of similarity degree components;

[0098] FIG. 7 shows the directions along which marked
similarity manifests in correspondence to values (HV[i,j],
DNL;]);
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[0099] FIG. 8 shows the positions of the color information
used to calculate the green color interpolation value G[i,j];

[0100] FIGS. 9A and 9B show how the adverse effect of
magnification chromatic aberration is eliminated;

[0101] FIGS. 10A10C illustrate median processing of the
prior art;

[0102] FIGS. 11A and 11B illustrate the median process-
ing operation achieved in the first embodiment;

[0103] FIGS. 12A and 12B illustrate the ranges of the
median processing implemented in the first embodiment;

[0104] FIG. 13 shows the positions of the color informa-
tion used to calculate local curvature information;

[0105] FIG. 14 (continued from FIG. 13) shows the
positions of the color information used to calculate local
curvature information;

[0106] FIG. 15 illustrates the function of the weighting
coefficient in the fourth embodiment;

[0107] FIG. 16 is a functional block diagram of a sixth
embodiment;

[0108] FIG. 17 illustrates an example of the interpolation
processing in the prior art;

[0109] FIGS. 18A~18C illustrate the adverse effects of
magnification chromatic aberration;

[0110] FIGS. 19A~19C illustrate over correction occur-
ring due to magnification chromatic aberration; and

[0111] FIGS. 20A and 20B illustrate the effects of over
correction occurring at a color boundary.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0112] The following is a detailed explanation of the
embodiments of the present invention, given in reference to
the drawings. FIG. 1 is a functional block diagram of the
electronic camera corresponding to the first through fifth
embodiments.

[0113] In FIG. 1, an electronic camera 10 comprises a
control unit 11, a photographic optical system 12, an image-
capturing unit 13, an A/D conversion unit 14, an image
processing unit 15 and a recording unit 16. The image
processing unit 15 is provided with an interpolation pro-
cessing unit (e.g., a one-chip microprocessor dedicated to
interpolation processing). The image-capturing unit 13 is
provided with an image-capturing sensor (not shown) con-
stituted by arranging R, G and B color filters in a Bayer
array.

[0114] Tt is to be noted that while FIG. 1 shows only the
interpolation processing unit 17 in the image processing unit
15 to simplify the illustration, a functional block that
engages in other image processing such as gradation con-
version processing may also be provided in the image
processing unit 185.

[0115] In FIG. 1, the control unit 11 is connected to the
image-capturing unit 13, the A/D conversion unit 14, the
image processing unit 15 and the recording unit 16. In
addition, an optical image obtained at the photographic
optical system 12 is formed at the image-capturing sensor in
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the image-capturing unit 13. An output from the image-
capturing unit 13 is quantized at the A/D conversion unit 14
and is provided to the image processing unit 15 as image
data. The image data provided to the image processing unit
15 undergo interpolation processing at the interpolation
processing unit 17 and after having undergone image com-
pression as necessary, they are recorded via the recording
unit 16. The image data with the degrees of resolution
corresponding to the individual color components improved
through the interpolation processing are ultimately output as
image data in a calorimetric system that corresponds to the
type of device that is connected, such as a display or a
printer.

[0116] FIGS. 2A and 2B show the arrangements of the
color components in the image data adopted in the first
embodiment, the second embodiment and the fourth
embodiment, and FIGS. 3A and 3B show the arrangements
of the color components in the image data adopted in the
third embodiment and the fifth embodiment. It is to be noted
that in FIGS. 2A and 2B and in FIGS. 3A and 3B, the
individual color components are indicated as R, G and B,
with the positions of pixels at which the various color
components are present indicated with 1 and j.

[0117] With [i,j] indicating the coordinates of an interpo-
lation target pixel to undergo the interpolation processing,
FIGS. 2A and 2B cach show the arrangement of 7x7 pixels
with the interpolation target pixel at the center, whereas
FIGS. 3A and 3B cach show the arrangement of 5x5 pixels
with the interpolation target pixel at the center. In addition,
FIGS. 2A and 3A each show an arrangement of pixels
among which a pixel with the red color component is to
undergo the interpolation processing, and FIGS. 2B and 3B
each show an arrangement of pixels among which a pixel
with the blue color component is to undergo the interpola-
tion processing.

[0118] In the various embodiments to be detailed later, the
interpolation processing unit 17 first implements the inter-
polation processing to supplement the green color interpo-
lation values for pixels at which the green color component
is missing (hereafter referred to as “G interpolation process-
ing”) and then engages in interpolation processing through
which red color interpolation values and blue color interpo-
lation values are supplemented at pixels at which the red
color component and the blue color component are missing
(hereafter referred to as “RB interpolation processing”).
However, since the interpolation processing implemented to
supplement blue color interpolation values (hereafter
referred to as “B interpolation processing”) is implemented
in a manner identical to the manner with which the inter-
polation processing for supplementing red color interpola-
tion values (hereafter referred to as “R interpolation pro-
cessing”) is implemented, its explanation is omitted.

[0119] In addition, it is assumed that the pixel at coordi-
nates [1,j] is the interpolation target pixel to undergo the G
interpolation processing, to simplify the subsequent expla-
nation. Since the green color interpolation value can be
calculated through the G interpolation processing in each of
the embodiments explained below regardless of the color
component (red or blue) at the interpolation target pixel, R
and B in FIGS. 2A and 2B and FIGS. 3A and 3B are all
replaced with Z with the color information at the interpo-
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lation target pixel expressed as Z[i,j] and color information
at other pixels also expressed in a similar manner in the
following explanation.

First Embodiment

[0120] FIGS. 4 and 5 present a flowchart of the operation
achieved in the interpolation processing unit 17 in the first
embodiment, with FIG. 4 corresponding to the operation of
the interpolation processing unit 17 during the G interpola-
tion processing and FIG. § corresponding to the operation of
the interpolation processing unit 17 during the R interpola-
tion processing.

[0121] The explanation of the operation achieved in the
first embodiment given below focuses on the operation of
the interpolation processing unit 17 by referring to FIGS. 4
and 5.

[0122] First, the interpolation processing unit 17 calcu-
lates a similarity degree Cv[1,j] along the vertical direction
and a similarity degree Ch[i,j] along the horizontal direction
for an interpolation target pixel at which the green compo-
nent is missing (FIG. 4 S1).

[0123] Now, the details of the processing implemented to
calculate the vertical similarity degree Cv[i,j] and the hori-
zontal similarity degree Ch[i,j] in the first embodiment are
explained.

[0124] The interpolation processing unit 17 first calculates
a plurality of types of similarity degree components along
the vertical direction and the horizontal direction defined
through the following formulae 10~21.

[0125] G-G similarity degree component along vertical
direction:

Cv1[i,j]=lGli,j-1]-Gli,j+1]| formula 10

[0126] G-G similarity degree component along horizontal
direction:

Chi[i,j]=|G[i-1,j]-Gli+1,i]| formula 11

[0127] B-B (R-R) similarity degree component along ver-
tical direction:

Cv2[i,j}=(2i-1,j-1]-Z[i- 1,j+1]+|2[i+1,j-1]-
Z[i+1,5+1])/2

formula 12
[0128] B-B(R-R)similarity degree component along hori-
zontal direction:

Ch2[i,]:]=(|Z[i—1,j—1]—z[i+1,j—1]+|Z[i—1,j+1]—

Z[i+1,5+1])/2 formula 13

[0129] R-R (B-B) similarity degree component along ver-
tical direction:
Cv3ij1=(120i,j-2)-ZLi I +Z0i+2]- 2 1)/2

[0130] R-R(B-B)similarity degree component along hori-
zontal direction:

formula 14

Ch3[1,j1=(Z[i"2,i]-Z[L,j]+Z[+2,i F2[1,i1)/2 formula 15

[0131] G-R (G-B) similarity degree component along ver-
tical direction:

Cva[Ljl=(GlLj-11"ZIL I+GlLj+11- 2L 1)/2 formula 16
[0132] G-R (G-B) similarity degree component along
horizontal direction:

Ch[iLi]=(G[i- 1, FZ[L,i i+Gli+14]-Z 1,§])/2 formula 17
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[0133] B-G (R-G) similarity degree component along ver-
tical direction:

Cv5[i,j1=(2[i-1,j-11-G[i-1, jI+Z[i-1, j+1}-G[i-1,
JIHZ[+1,j-17"Gli+1,j]+|2[i+1,j+1]-G[i+1,j])/4 formula 18
[0134] B-G (R-G) similarity degree component along
horizontal direction:

Chs[i,j1=(Z[i-1, j-11-G[ij-1]+Z[i-1, j+1]-Glij+]
j|+(Z[i+1,j—1]—G[i,j—1]|+|Z{i+1,j+1]—G[i,j+1]%)/4

[0135] luminance similarity degree component along ver-
tical direction:

formula 19

Cvo[i,j1=( Y[i,j-11- YL+ [Lj+1 - YL 1)/2 formula 20

[0136] Iluminance similarity degree component along hori-
zontal direction:

Cho[iLj1=(YTi-1, JFYILi I+ YT - YTL L2

[0137] In formulae 20 and 21, Y[i,j] represents a value
calculated through

formula 21

Y[i, jl=(4-A[L, j]+2-(AlL j-1]+AlLj+1 A1+
Ali+1,]D+Ali-1, j-1]+A[-1, j+1+AL+1,j-1H

Ali+1,j+1]/16 formula 22

[0138] which is equivalent to the luminance value gener-
ated through filtering processing in which the color infor-
mation corresponding to the color components at nearby
pixels around the interpolation target pixel is averaged at a
ratio of R:G:B=1:2:1. It is to be noted that A[4i,j] represents
an arbitrary set of color information on the Bayer array
which may assume a G value or a Z value depending upon
the position at which the color information is provided.

[0139] Next, the interpolation processing unit 17 performs
weighted addition of the plurality of types of similarity
degree components along each direction by using weighting
coefficients al, a2, a3, a4, a5 and a6, as expressed in the
follow formulae 23 and 24, to calculate a similarity degree
Ch0[1,j] along the vertical direction and a similarity degree
Ch0[1,j] along the horizontal direction for the interpolation
target pixel.

CvO[Ljl=(a1,Cv1[i,j+a2-Cv2[i,j+a3-Cv3[i,j]+a4-Cv4

[ijHas5-Cv5 [Lj+a6-Cv6 [1j] Ji(al+a2+a3+ad+a5+a6)  formula 23
ChO[i,j}=(al1,Chi[i,j]+a2-Ch2[i,j +a3-Ch3[i,j]+a4-Chd
[i,j Ha5-Ch5]i,j+a6-Cho[i,j]/(al+a2+a3+ad+a5+a6) formula 24

[0140] Tt is to be noted that the ratio among the weighting
coefficients al, a2, a3, a4, a5 and a6 in formulae 23 and 24
may be, for instance, “al: a2: a3: a4: a5: a6:=2:1:1:4:4:12.”

[0141] In the first embodiment, a further improvement is
achieved in the accuracy with which the similarity degrees
are calculated by calculating the similarity degree compo-
nents along the vertical and horizontal directions and per-
forming weighted addition of the similarity degree compo-
nents for nearby pixels around the interpolation target pixel
as well as for the interpolation target pixel.

[0142] Namely, the interpolation processing unit 17 per-
forms weighted addition of the results obtained by imple-
menting weighted addition of the similarity degree compo-
nents at the interpolation target pixel and the nearby pixels
(CvO[i,j], CvO[i-1, j-1], CvO[i-1, j+1], CvO[i+1,j-1], CvO
[i+1,j+1] and the like), through either (method 1) or (method
2) detailed below, to obtain a similarity degree Cv[i,j] along
the vertical direction and a similarity degree Ch[ij] along
the horizontal direction manifesting by the interpolation
target pixel.
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[0143] (method 1)

Cv[ijl=(4 CVO[L,j]+CvO[i-1, j-1CvO[i-1, j+1]+Cv0

[i+1,]-1+CvO[i+1,j+1])/8 formula 25
Ch[ij]3=(4 ChO[ij}+ChO[i-1, j-1+ChO[i-1, j+1]+
ChO[i+1,j-1]+ChO[i+1,j+1])/8 formula 26
[0144] (method 2)
CV[i,jl=(4-CvO[i,jl+2—(CvO[i-1, j-1+CvO[i+1,j-1]+
CvO[i-1, j+1 +CvO[i+1,j+1]) +CvO[Lj-2 +CvO[Lj+2 ]+
CvO[i-2,j +CvO[i+2,i])/16 formula 27
Ch[i,j]=(4-ChO[i,j 2-(ChO[i-1, j-1]+ChO[i+1,j-1]+
ChO[i-1, j+1]+ChO[i+1,j+1]) +ChO[L,j-2 ]+ChO[Lj+2 ]+
ChO[i-2,j +Cho[i+2,j])/16 formula 28

[0145] T1tis to be noted that while (method 1) corresponds
to that weighted addition of the similarity degree compo-
nents at the interpolation target pixel and the nearby pixels
is implemented as illustrated in FIG. 6A, (method 2) cor-
responds to that weighted addition of the similarity degree
components at the interpolation target pixel and the nearby
pixels is implemented as illustrated in FIG. 6B.

[0146] The similarity degree components each calculated
by using color information corresponding to the same color
component such as the G-G similarity degree components,
B-B (R-R) similarity degree component and the R-R (B-B)
similarity degree components (hereafter referred to as
“same-color similarity degree components”) have been con-
firmed through testing to be suitable for use in the evaluation
of similarity manifesting in an image with a low spatial
frequency and a large colored area. The similarity degree
components each calculated by using color information
corresponding to different color components such as the G-R
(G-B) similarity degree components and B-G (R-G) simi-
larity degree components (hereafter referred to as “different-
color similarity degree components”) have been confirmed
through testing to be suitable for use in the evaluation of
similarity manifesting in an image with a high spatial
frequency and a large achromatic image area. In addition,
the luminance similarity degree components have been
confirmed through testing to be suitable for use in the
evaluation of similarity manifesting in an image containing
both a colored area and an image area with a fairly high
spatial frequency.

[0147] In other words, the evaluation of similarity mani-
festing in various types of images can be achieved with a
high degree of accuracy by using similarity degrees obtained
through weighted addition of same-color similarity degree
components, different-color similarity degree components
and luminance similarity degree components.

[0148] In addition, the functions of the three types of
similarity degree components calculated as the same-color
similarity degree components (the G-G similarity degree
components, the B-B (R-R) similarity degree components
and the R-R (B-B) similarity degree components) in the
similarity evaluation can be complemented by one another
and the functions of the two types of similarity degrees
components calculated as the different-color similarity
degree components (the G-R (G-B) similarity degree com-
ponents and the B-G (R-G) similarity degree components) in
the similarity evaluation, too, can be complemented by each
other.

[0149] Furthermore, in the first embodiment, the vertical
similarity degree Cv[1,j] and the horizontal similarity degree
Ch[i,j] are calculated through weighted addition of the
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results of weighted addition of similarity degree components
at the interpolation target pixel and the results of weighted
addition of similarity degree components at nearby pixels.
Thus, the continuity between the color information at the
interpolation target pixel and the color information at the
pixels located near the interpolation target pixel is readily
reflected in the vertical similarity degree Cv[i,j] and the
horizontal similarity degree Ch[i,j].

[0150] In particular , the vertical similarity degree Cv[i,j]
and the horizontal similarity degree Ch[i,j] calculated
through (method 2) reflect color information corresponding
to the color components at pixels over a wide range and thus,
are effective in the similarity evaluation of an image mani-
festing a pronounced magnification chromatic aberration.

[0151] Tt is to be noted that the vertical similarity degree
Cv[i,j] and the horizontal similarity degree Ch[i,j] in the first
embodiment indicate more marked similarity as their values
become smaller.

[0152] After the vertical similarity degree Cv[i,j] and the
horizontal similarity degree Ch[i,j] are calculated as
described above, the interpolation processing unit 17 com-
pares the similarity along the wvertical direction and the
similarity along the horizontal direction manifesting at the
interpolation target pixel (hereafter referred to as the “ver-
tical/horizontal similarity”) based upon the vertical similar-
ity degree Cv[i,j] and the horizontal similarity degree Ch[i,j]
(FIG. 4 S2). Then, it sets one of the following values for an
index HV[i,j] which indicates the vertical/horizontal simi-
larity based upon the results of the comparison.

[0153] For instance, if |Cv[i,j]-Ch[i,j]|>T1 and Cv[i,j]<Ch
[1,j] are true with regard to a given threshold value T1, the
interpolation processing unit 17 judges that a more marked
similarity is manifested along the vertical direction than
along the horizontal direction and sets 1 for the index
HV[i,j] (FIG. 4 S3), if; |Cv[i,j]-Ch[i,j]|>T1 and Cv[i,j]>Ch
[1,j] are true, the interpolation processing unit 17 judges that
a more marked similarity is manifested along the horizontal
direction than along the vertical direction and sets -1 for the
index HV[i,j] (FIG. 4 S4) and if; |Cv[i,j]-Ch[ij]|=T1 is
true, the interpolation processing unit 17 judges that the
degree of similarity manifested along the horizontal direc-
tion and along the vertical direction are essentially the same
and sets O for the index HV[ij] (FIG. 4 S5).

[0154] 1t is to be noted that the threshold value Ti is used
to prevent an erroneous judgment that the similarity along
either direction is more marked from being made due to
noise when the difference between the vertical similarity
degree Cv[i,j] and the horizontal similarity degree Ch[i,j] is
very little. Accordingly, by setting a high value for the
threshold value T1 when processing a color image with a
great deal of noise, an improvement in the accuracy of the
vertical/horizontal similarity judgment is achieved.

[0155] Next, the interpolation processing unit 17 calcu-
lates a similarity degree C45[i,j] along the diagonal 45°
direction and a similarity degree C135[i,j] along the diago-
nal 135° degree direction for the interpolation target pixel
(FIG. 4 S6).

[0156] Now, details of the processing implemented in the
first embodiment to calculate the diagonal 45° similarity
degree C45[i,j] and the diagonal 135° similarity degree
C135[1,j] are explained.
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[0157] First, the interpolation processing unit 17 calcu-
lates a plurality of types of similarity degree components
along the diagonal 45° direction and the diagonal 135°
direction as defined in the following formulae 29~36;

[0158] G-G similarity degree component along the diago-
nal 45° direction:

c45_1[i,j]=(Gli,j-1]-G[i-1, j]+"G[i+1,j}-

Gli,j+1]D/2 formula 29

[0159] G-G similarity degree component along the diago-
nal 135° direction:

C135_1[i,j}=(|Glij-1}Gli+1,i]+/Gli-1, jI-
G[i,j+11)/2

[0160] B-B (R-R) similarity degree component along the
diagonal 45° direction:

formula 30

C45_2[i,jl=|2[i+1,j-11-2[i-1, j+1]| formula 31
[0161] B-B (R-R) similarity degree component along the
diagonal 135° direction:

C135_2[i,j=|Z[i-1, j-11-Z[i+1,j+1]]
[0162] R-R (B-B) similarity degree component along the
diagonal 45° direction:

formula 32

C45_3ijl=(1Zi+2,j-2}-Zij+zli-2,j+2}-Z] 112

[0163] R-R (B-B) similarity degree component along the
diagonal 135° direction:

formula 33

C135_3[i,j]=(|Z[i-2,j-2]- 2] L,j|+|Z[i+2.j+2 - 2[i,]))/2
[0164] B-R (R-B) similarity degree component along the
diagonal 45° direction:

C45_4[i,j1=(|Z[i+1,j-11-Z[L,j T+ Z[i-1, j+11-Z[i,i])/2
[0165] B-R (R-B) similarity degree component along the
diagonal 135° direction:

formula 34;

formula 35

C135_4[ijl=(Z[i-1, j-1 - Z[i,j]+|Zli+1,+1 ]

71312
[0166] Next, the interpolation processing unit 17 calcu-
lates a similarity degree C45_ 0[i,j] along the diagonal 45°
direction and a similarity degree C135_0[i,j] along the
diagonal 135° direction through weighted addition of the
plurality of types of similarity degree components per-
formed along each of the two directions by using weighting
coefficients b1, b2, b3 and b4, as expressed in the following
formulae 37 and 38.

C45_0[i,j]=(b1-C45_1[ij]+b2-C45_2[ij]+b3-C45_

formula 36;

3[L,j+b4  C45_4[1j]/(b1+b2+b3+b4) formula 37
C135_0[i,j]=(b1-C135_1[i,j]+b2-C135_2[ij]+
b3-C135__3[1,j]+b4-C135_ 4[i,i//(b1+b2+b3+b4) formula 38

[0167] 1t is to be noted that the ratio of the weighting
coefficients b1, b2, b3 and b4 in formulae 37 and 38 may be,
for instance, “b1:b2:b3:b4:=2:1:1:2.”

[0168] In the first embodiment, a further improvement is
achieved in the accuracy with which the similarity degrees
are calculated by calculating the similarity degree compo-
nents along the diagonal 45° direction and the diagonal 135°
direction and performing weighted addition of the similarity
degree components for nearby pixels around the interpola-
tion target pixel as well as for the interpolation target pixel.

[0169] Namely, the interpolation processing unit 17 per-
forms weighted addition of the results obtained by imple-
menting weighted addition of the similarity degree compo-
nents at the interpolation target pixel and the nearby pixels
(C45_0[1,j], C45_0[i-1, j-1]C45_0[i-1, j+1], C45_0[i+



US 2002/0001409 Al

1,j-1]C45_0[i+1,j+1] and the like) through either (method
1) or (method 2) detailed below, to obtain a similarity degree
C45[1,j] along the diagonal 45° direction and a similarity
degree C135[i,j] along the diagonal 135° direction mani-
festing by the interpolation target pixel (equivalent to imple-
menting weighted addition of similarity degree components
at the interpolation target pixel and the nearby pixels as
illustrated in FIGS. 6A and 6B).

[0170] (method 1)

C45[1,j]=(4-C45_0[Lj[+C45_0[i-1, j-1]+C45_0[i+

1,j-1]+C45_0[i-1, j+1]+C45_0[i+1,j+1])/8

C135[1,jl=(4-C135_0[1j]+C135_0[i-1, j-1]+C135_

0[i+1,j~1]+C135_0[i-1, j+1]+C135_0[i+1,j+1])/8
[0171] (method 2)

C45[i,j]=(4-C45_0[i,j+2(C45_0[i-1, j-1]+C45_0
[i+1,j-1]+C45_0[i-1, j+1HC45_0[i+1,j+1])+C45_0
[Lj—2+C45_0[1,j+2]+C45_0[i-2,j +C45_0[i+2,i]y/
16

formula 39

formula 40

formula 41
C135[1,j]=(4-C135_0[1,j][+2(C135_0[i-1, -1+
C135_0[i+1,j-1]+C135_0[i-1, j+1]+C135_0[i+1,j+
1]D+CI35_0[1,j-2]+C135_0[1,j+2]+C135_0[i-2,j]+
C135_0[i+2, /16

[0172] 1t is to be noted that the weighted addition of the
plurality of similarity degree components and the consider-
ation of the evaluation of similarity degrees at the nearby
pixels with regard to the diagonal 45° similarity degree
C45[1,j] and the diagonal 135° similarity degree C135[i,j]
thus calculated achieves the same function as that with
regard to the vertical similarity degree Cv[i,j] and the
horizontal similarity degree Ch[1,j]. In addition, the diagonal
45° similarity degree C45[i,j] and the diagonal 135° simi-
larity degree C135[1,j] in the first embodiment indicate more
marked similarity as their values become smaller.

[0173] After the diagonal 45° similarity degree C45[Lij]
and the diagonal 135° similarity degree C135[i,j] are cal-
culated, the interpolation processing unit 17 compares the
similarity along the diagonal 45° direction and the similarity
along the diagonal 135° direction manifesting at the inter-
polation target pixel (hereafter referred to as the “diagonal
similarity”) based upon the diagonal 45° similarity degree
C45[1,j] and the diagonal 135° similarity degree C135[i,j]
(FIG. 4 S7). Then, it sets one of the following values for an
index DNJ[1,j] which indicates the diagonal similarity based
upon the results of the comparison.

[0174] For instance, if; |C45[i,j]-C135[i,j][>T2 and C45
[1,j]<C135[1,j] are true with regard to a given threshold value
T2, the interpolation processing unit 17 judges that a more
marked similarity is manifested along the diagonal 45°
direction than along the diagonal 135° direction and sets 1
for the index DN[i,j] (FIG. 4 S8), if; | C45[1,j]-C135[1,j]|>T2
and C43[1,j]>C135[1,j] are true, the interpolation processing
unit 17 judges that a more marked similarity is manifested
along the diagonal 135° direction than along the diagonal
45° direction and sets —1 for the index DN[i,j] (FIG. 4 S9)
and if; |C45[1,j]-C135 [i,j]]ET2 is true, the interpolation
processing unit 17 judges that the degree of similarity
manifesting along the diagonal 45° direction and along the
diagonal 135° direction are essentially the same and sets O
for the index DN[i,j] (FIG. 4 S10).

[0175] TItis to be noted that the threshold value T2 is used
to prevent an erroneous judgment that the similarity along
either direction is more marked from being made due to
noise.

formula 42
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[0176] Next, the interpolation processing unit 17 ascer-
tains the specific values of the index HV[i,j] indicating the
vertical/horizontal similarity and the index DN[L,j] indicat-
ing the diagonal similarity (FIG. 4 S11) and classifies the
class of the similarity manifesting at the interpolation target
pixel as one of the following; case 1 case 9.

[0177] case 1: (HV[i,j], DN[i,j])=(1, 1): marked simi-
larity manifesting along the vertical direction and the
diagonal 45° direction

[0178] case 2: (HV[i,j], DN[i,j])=(1, 0): marked simi-
larity manifesting along the vertical direction

[0179] case 3: (HV[ij], DN[LjD=(1, -1): marked
similarity manifesting along the vertical direction
and the diagonal 135° direction

[0180] case 4: (HV[i,j], DN[1i,j])=(0, 1): marked simi-
larity manifesting along the diagonal 45° direction

[0181] case 5: (HV[i,j], DN[1i,j])=(0, 0): marked simi-
larity manifesting along all the directions or little
similarity manifesting along all the directions

[0182] case 6: (HV[i,j], DN[LjD=(0, -1): marked
similarity manifesting along the diagonal 135° direc-
tion

[0183] case 7: (HV[i,j], DN[LjD=(-1, 1): marked

similarity manifesting along the horizontal direction
and the diagonal 45° direction

[0184] case 8: (HV[i,j], DN[ijD=(-1, 0): marked
similarity manifesting along the horizontal direction

[0185] case 9: (HV[i,j], DN[i,jD)=(-1, -1): marked
similarity manifesting along the horizontal direction
and the diagonal 135° direction.

[0186] FIG. 7 illustrates the directions along which
marked similarity manifests, as indicated by the values of
HV[i,j], DN[i,j]

[0187] In FIG. 7, there is no directional indication that
corresponds to “case 5: (HV[ij], DN[ij]) ,=(0, 0).” A
marked similarity manifesting along all the directions or
only a slight similarity manifesting along all the directions
as in case 5 means that the interpolation target pixel is
contained within a flat area or is an isolated point (an image
area manifesting a lower degree of similarity to nearby
pixels and having a high spatial frequency).

[0188] Next, the interpolation processing unit 17 calcu-
lates the green color interpolation value G[i,j] as indicated
below based upon the results of the judgment explained
above.

[0189]
[0190]

In case 1, G[i,j]=Gv45[i,] : FIG. 4 S12
In case 2, G[1,j]=Gv[ij] : FIG. 4 S13
[0191] In case 3, G[i,j|=Gv135[ij]: FIG. 4 S14

[0192] In case 4, G[ij]=(Gv45[i,j]+Gh45[L,j])/2 :
FIG. 4 S15

[0193] In case 5, G[i,j]=(Gv[i,j]+Gh[ij])/2 FIG. 4
S16

[0194] In case 6, G[ijl=(Gv135[ij]+Gh135[Lj])/2
FIG. 4 S17

[0195] In case 7, G[i,j]=Gh45[i,j]: FIG. 4 S18
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[0196] In case 8, G[i,j]=Gh[i,j]: FIG. 4 S19
[0197] Incase 9, G[i,j]=Gh135[ij]: FIG. 4 S20, with

Gvli, j]=(G [i, j-1]+G [i, j+1D/2+(2Z [1, jI-Z]1, j-2]-
Z[i, j+2])/8+(2 Gli-1,j|-Gli-1, j-2]-G[i-1, j+2|+2-G
[i+1, j]-Gli+1, j-2]-Gli+1, j+2])16

Gv45 i (G [i, j-1]+G [, j+1)2(2- [ Lj}-2[1, j-2]-Z][i,
]+2]/8+(2Z[1— JH1FZ -1, j-11-Z]i-1, j+3]+2-Z[i+
1,j-11-2]i+1,j-3]-2Z]i+1,j+1j)/16

Gv135[Lj]=(G[i .,j- 1]+G[1]+1])/2+(2 Zij-2]ij-2]-
Z[1j+2])/8+(2-Z2]i-1,j-11-Z][i-1,j-3]-7[i-1,j+1 H2-Z
[i+1,j+1]-Z[i+1,j-1]-Z[i+1,j+3])/16

GhLj]=(Gi-1, jRGli+1,i[y2+(2-Z [ij]-Z [i-2, j}-Z
[i+2, jD/8+(2-Gli,j-1]-G[i-2,j-1]-Gli+2,j-1]+2-Gli,
J+1]-Gli-2,j+1]-G[i+2,j+1]/16

Gh4s[i,j]=(G[i-1, ]]+G[1+1,]])/2+(2-Z[i,j]—Z[i—2,j]—Z
[i+2,j/8+(2-Z]i+1,j-11-Z[i-1, j-1]-Z]i+3,j-1]+2-Z
[i-1, j+1]-Z[i-3,j+1]- Z{1+1,]+1])/16

Gh135[i,jl=(Gli-1, jl+Gli+1i]/2+(2-Z]Lj]-Z[i-2j]-
Z[i+2,i/8+(2-Z[i-1, j-1]-Z]i-3,j-1]-2Z]i+1,j-1+2]-
Z]i+1,j+11-Z][i-1, j+1]-Z[i+3,j+1])/16
[0198] FIG. 8 shows the positions of the color information
used to calculate the green color interpolation value G[i,j].
In FIG. 8, the color information at the circled pixels is used
as a contributing factor in the curvature information that
constitutes the green color interpolation value G[i,j].

[0199] In each of formulae 43~48, the first term consti-
tutes the “local average information of the green color
component” and corresponds to the primary terms in for-
mulae 1 and 2. The second term represents the “local
curvature information based upon a color component match-
ing a color component at the interpolation target pixel” and
the third term represents the “local curvature information
based upon a color component other than the color compo-
nent at the interpolation target pixel.” It is to be noted that
the curvature information in the second and third terms is
obtained through quadratic differentiation of the color com-
ponents. To explain this point by referring to formula 44, in
the second term of formula 44, the difference between the
color information Z[i,j] and the color information ZJi,j-2]
and the difference between the color information Z[i,j+2]
and the color information Z[i,j] are obtained and then the
difference between these differences is ascertained. In the
third term the difference between the color information
Z]i-1, j+1] and the color information ZJi-1, j—1] and the
difference between the color information Z[i-1,j+3] and the
color information Z[i-1, j+1] are obtained with the differ-
ence between these differences then ascertained and the
difference between the color information Z[i+1,j-1] and the
color information Z[i+1,j-3] and the difference between the
color information Z[i+1,j+1] and the color information Z]i+
1,j—1] are obtained with the difference between these dif-
ferences then ascertained.

[0200] In Gv45[ij], the “local curvature information
based upon a color component matching the color compo-
nent at the interpolation target pixel” is local curvature
information with directionality manifesting along the verti-
cal direction, and the “local curvature information based
upon a color component other than the color component at
the interpolation target pixel” is local curvature information
with directionality manifesting along the vertical direction
and the diagonal 45 direction. In Gv133[i,j], the “local
curvature information based upon a color component match-
ing the color component at the interpolation target pixel” is
local curvature information with directionality manifesting
along the vertical direction, and the “local curvature infor-

formula 43

formula 44

formula 45

formula 46

formula 47

formula 48

Jan. 3, 2002

mation based upon a color component other than the color
component at the interpolation target pixel” is local curva-
ture information with directionality manifesting along the
vertical direction and the diagonal 135° direction. In Gh45
[i,j], the “local curvature information based upon a color
component matching the color component at the interpola-
tion target pixel” is local curvature information with the
directionality manifesting along the horizontal direction, and
the “local curvature information based upon a color com-
ponent other than the color component at the interpolation
target pixel” is local curvature information with direction-
ality manifesting along the horizontal direction and the
diagonal 45° direction. In Gh135[i,j], the “local curvature
information based upon a color component matching the
color component at the interpolation target pixel” is local
curvature information with directionality manifesting along
the horizontal direction, and the “local curvature informa-
tion based upon a color component other than the color
component at the interpolation target pixel” is local curva-
ture information with directionality manifesting along the
horizontal direction and the diagonal 135° direction.

[0201] In addition, the “local curvature information based
upon a color component matching the color component at
the interpolation target pixel” and the “local curvature
information based upon a color component other than the
color component at the interpolation target pixel” in Gv[i,j]
are both local curvature information with directionality
manifesting along the vertical direction, and the “local
curvature information based upon a color component match-
ing the color component at the interpolation target pixel” and
the “local curvature information based upon a color com-
ponent other than the color component at the interpolation
target pixel” in Gh[i,j] are both local curvature information
with directionality manifesting along the horizontal direc-
tion.

[0202] In other words, in the first embodiment, the local
average information of the green color component is cor-
rected by using the “local curvature information based upon
a color component matching the color component at the
interpolation target pixel” and the “local curvature informa-
tion based upon a color component other than the color
component at the interpolation target pixel.”

[0203] For instance, when marked similarity manifests
along the diagonal directions and the green color interpola-
tion value is calculated by using Gv45[ij], Gv135[i,],
Gh45[1,j] and Gh135[i,j] (case 1, case 3, case 4, case 6, case
7 or case 9), the local average information of the green color
component (the primary term) is corrected by using the local
curvature information based upon the red color component
and the local curvature information based upon the blue
color component at phases that are opposite from each other.
In such a case, color information in the individual color
components to be used to calculate the local curvature
information corresponding to each color component is
obtained from pixels that are present on both sides of a line
drawn along a direction judged to manifest marked similar-

ity.

[0204] Thus, even when the color information correspond-
ing to the red color component and the color information
corresponding to the blue color component are offset relative
to the color information corresponding to the green color
component due to magnification chromatic aberration, as
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illustrated in FIG. 9A (equivalent to a drawing achieved by
superimposing FIG. 18B on FIG. 18C), the primary term is
corrected in correspondence to the average quantity of
change in the color information corresponding to the red
color component and the color information corresponding to
the blue color component. As a result, by adopting the first
embodiment, the primary term can be corrected for a desired
pixel even if there is magnification chromatic aberration at
the photographic optical system 12, with the overshoot and
the undershoot occurring as a result of the G interpolation
processing disclosed in U.S. Pat. No. 5,629,734 canceled out
by each other. Consequently, the occurrence of color arti-
facts attributable to over correction can be reduced in the
first embodiment.

[0205] 1t is to be noted that while an overshoot may also
occur when correcting a primary term constituted of color
information corresponding to the blue color component as
well as when correcting a primary term constituted of color
information corresponding to the red color component,
overshoot values corresponding to the individual color com-
ponents are averaged in the first embodiment and thus, the
average value does not exceed an overshoot value resulting
from the G interpolation processing disclosed in U.S. Pat.
No. 5,629,734. In addition, even if an undershoot occurs
when correcting a primary term constituted of color infor-
mation corresponding to the blue color component or cor-
recting a primary term constituted of color information
corresponding to the red color component, the undershoot
value in the first embodiment never exceeds the undershoot
value resulting from the G interpolation processing dis-
closed in U.S. Pat. No. 5,629,734.

[0206] In the first embodiment, the image data to undergo
the G interpolation processing are arranged in a Bayer array
as shown in FIGS. 2A and 2B, with the color information
corresponding to the red color component and the color
information corresponding to the blue color component
positioned diagonally to each other. Thus, if color informa-
tion corresponding to the blue color component is provided
at the interpolation target pixel, for instance, the local
curvature information based upon the red color component
to be used to correct the primary term is calculated by using
color information corresponding to the red color component
at pixels positioned along a diagonal direction along which
marked similarity to the interpolation target pixel manifests.
In addition, the green color interpolation value is calculated
by using the color information at pixels set along a diagonal
direction distanced from the interpolation target pixel such
as ZJ[i-1, j+3] and Z[i+1,j-3] in formula 44, Z[i-1, j-31 and
Z[i+1,j+3] in formula 45, Z[i+3,j1] and Z[i-3,j+1] in for-
mula 47 and Z]i-3,j-11 and Z[i+3,j+1] in formula 48.

[0207] As a result, in the G interpolation processing in the
first embodiment which requires a highly accurate judgment
on the diagonal similarity, the interpolation processing unit
17 achieves a high degree of accuracy in the judgement of
the diagonal similarity by using a plurality of sets of color
information when calculating a plurality of types of simi-
larity degree components along the diagonal 45° direction
and the diagonal 135° direction.

[0208] In other words, the accuracy of the interpolation
processing is improved through a highly accurate judgment
on the diagonal similarity in the first embodiment.

[0209] In addition, if marked similarity manifests along
the vertical direction or the horizontal direction and thus the
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green interpolation value is calculated using Gv[i,j] or
Gh[i,j] (case 2 or case 8), local curvature information based
upon the green color component is used as the “local
curvature information based upon a color component other
than the color component at the interpolation target pixel”
and the local average information of the green color com-
ponent is corrected by using local curvature information
based upon the red color component or the blue color
component and local curvature information based upon the
green color component.

[0210] Under normal circumstances, due to the effect of
magnification chromatic aberration, the red color compo-
nent, the green color component and the blue color compo-
nent may have relative positional offsets in order of wave-
length, i.e. in order of red color, green color and blue color.
And the green color component positions between the red
color component and the blue color component. Thus, if
color information corresponding to the red color component
is provided at the interpolation target pixel, the local cur-
vature information based upon the green color component
can be used as a component at a phase opposite from the
phase of the local curvature information based upon the red
color component to reduce the occurrence of color artifacts
resulting from over correction. Also, in the same manner, if
color information corresponding to the blue color compo-
nent is provided at the interpolation target pixel, the local
curvature information based upon the green color compo-
nent can be used as a component at a phase opposite from
the phase of the local curvature information based upon the
blue color component to reduce the occurrence of color
artifacts resulting from over correction.

[0211] In the following explanation of the RB interpola-
tion processing operation, the RB interpolation processing
implemented in the prior art is first described and then the R
interpolation processing in FIG. 5 in the RB interpolation
processing implemented in the first embodiment is explained
(an explanation of the B interpolation processing is omitted).

[0212] Aknown example of the RB interpolation process-
ing in the prior art is linear interpolation processing imple-
mented in a color difference space in which after calculating
color differences at all the pixels (values each obtained by
subtracting the value indicated by color information corre-
sponding to the green color component from the value
indicated by color information corresponding to the red
color component (or the blue color component)), one of the
three different types of processing (1)~(3) described below
is implemented on each interpolation target pixel to calcu-
late the interpolation value.

[0213] (1) If a color component missing at the inter-
polation target pixel is present at the two pixels
adjacent to the interpolation target pixel along the
vertical direction, the interpolation target value is
calculated as a value achieved by adding the color
information corresponding to the green color com-
ponent at the interpolation target pixel to the average
of the color differences at the two pixels.

[0214] (2) If a color component missing at the inter-
polation target pixel is present at the two pixels
adjacent to the interpolation target pixel along the
horizontal direction, the interpolation target value is
calculated as a value achieved by adding the value
indicated by the color information corresponding to
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the green color component at the interpolation target
pixel to the average of the color differences at the
two pixels.

[0215] (3) If a color component missing at the inter-
polation target pixel is present at the four pixels
adjacent to the interpolation target pixel along the
diagonal directions, the interpolation target value is
calculated as a value achieved by adding the value
indicated by the color information corresponding to
the green color component at the interpolation target
pixel to the average of the color differences at the
four pixels.

[0216] In addition, interpolation processing that incorpo-
rates nonlinear median processing, which is more effective
in preventing color artifacts compared to linear processing in
a color difference space is also implemented in the prior art.

[0217] In the art disclosed in U.S. Pat. No. 5,799,113, in
which video signals provided in one of the following colo-
rimetric systems, RGB, YUv and YCbCr, undergo culled
compression at a resolution of % to reduce the transmission
volume, nonlinear median processing is implemented to
restore the video signals to the original resolution by inter-
polating 3-component data at the culled pixels which have
been lost. For instance, if the video signals are provided in
the YCbCr colorimetric system, the interpolation values for
the luminance component Y and the interpolation values
corresponding to the color components Cb and Cr at the
culled pixels marked O, A and X in FIGS. 10A~10C are
calculated through identical arithmetic processing. It is to be
noted that in order to retain the structure at an edge, the pixel
marked X alone is interpolated by using the median value
(median) of the values at four nearby pixels, the pixels
marked O are each interpolated by using the average of the
values at the pixels adjacent along the horizontal direction
and the pixels marked A are each interpolated by using the
average of the values at the pixels adjacent along the vertical
direction.

[0218] However, while the interpolation processing imple-
mented as described above is effective in restoring the image
quality in a dynamic image, it is not suited for processing a
still image that requires high definition. Namely, the art
disclosed in U.S. Pat. No. 5,799,113, in which the luminance
component Y and the color components Cr and Cb are
handled in exactly the same way, achieves only a very low
degree of accuracy with regard to the interpolation values
for the luminance component Y which determines the reso-
lution. In addition, since the luminance component Y is
interpolated by using the median, the likelihood of the image
structure becoming lost is high. Furthermore, there is a
concern that color artifacts may spread when the data are
converted to the RGB calorimetric system.

[0219] In an electronic camera which employs an image-
capturing sensor constituted by arranging R, G and B color
filters in a Bayer array to generate a still image, the inter-
polation processing on the green color component which is
equivalent to the luminance component with a high spatial
frequency (G interpolation processing) can be implemented
with a very high degree of accuracy by using similarity
manifesting between the interpolation target pixel and
nearby pixels and calculating the interpolation value using a
plurality of color components, as explained earlier. In such
an electronic camera, after implementing high-definition
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interpolation processing on the green color component,
which most faithfully reflects the high-frequency informa-
tion in the image data, the interpolation processing on the
red color component and the blue color component is
achieved through linear interpolation in color difference
spaces relative to the green color component to reduce color
artifacts by reflecting the high-frequency information in the
image data in the red color component and the blue color
component.

[0220] For instance, if the sets of color information at
individual pixels are arranged one-dimensionally in the
order of (R1, G2, R3), the red color interpolation value is
calculated through;

R2=(R1+R3)/2+(2-G2-G1-G3)/2

[0221] In the formula, G2 represents color information
corresponding to the green color component in the original
image and G1 and G3 each represent a green color interpo-
lation value obtained through the G interpolation processing.

formula 49.

[0222] However, this RB interpolation processing poses a
problem in that the color artifact is allowed to remain in the
vicinity of an isolated point (an image area manifesting only
slight similarity to nearby pixels and having a high spatial
frequency). In the prior art, this type of color artifact is often
eliminated in post processing, in which a and b hue planes
obtained by converting the image data to the Lab calorimet-
ric system individually undergo median filtering after the G
interpolation processing and the RB interpolation processing
are implemented.

[0223] Since a 3x3 (=9 points) filter size achieves hardly
any effect, the filter size must be set over a large range of 5x5
(=25 points) when applying such a median filter.

[0224] 1In other words, in the electronic camera described
above, extremely heavy processing must be implemented
since both the RB interpolation processing in the prior art
and the median processing must be performed in the inter-
polation processing on the red color component and the blue
color component in a still image and also the filter size must
be set over a wide range for the median processing. Fur-
thermore, the risk of the fine structure in a colored area
(hereafter referred to as a “color structure”) being lost is
higher when the filter size in the median processing is
increased.

[0225] Accordingly, in the first embodiment, RB interpo-
lation processing through which red color and blue color
interpolation values can be calculated quickly with a high
degree of accuracy without allowing any color artifacts to
remain in the vicinity of an isolated point or losing the color
structure is proposed. It is to be noted that the following is
an explanation of the only R interpolation processing in the
RB interpolation processing, given in reference to FIG. 5.

[0226] First, the interpolation processing unit 17 calcu-
lates a color difference that contains the red color component
for each pixel at which color information corresponding to
the red color component is present by subtracting the green
color interpolation value (the value obtained through the G
interpolation processing explained earlier) from the value
indicated by the color information corresponding to the red
color component (FIG. 5 S1).

[0227] For instance, the interpolation processing unit 17
calculates a color difference Cri,j] containing the red color
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component at a pixel at given coordinates [i,j] with color
information corresponding to the red color component as;

Crfi,j=R[1,j]-Glij]
[0228] 1t is to be noted that in the first embodiment, when
the color differences containing the red color component
have been calculated as described above, the color differ-
ences containing the red color component are set so as to
surround pixels at which color information corresponding to
the red color component is missing and color information
corresponding to the blue color component is present from
the four diagonal directions.

formula 50.

[0229] The interpolation processing unit 17 interpolates
the color difference containing the red color component for
each of the pixels surrounded by color differences contain-
ing the red color component from the four diagonal direc-
tions (each pixel at which color information corresponding
to the red color component is missing and color information
corresponding to the blue color component is present in the
first embodiment) by using the median of the color differ-
ences containing the red color component at the pixels set
diagonally to the target pixel (FIG. 5 S2).

[0230] Namely, in the first embodiment, the interpolation
processing unit 17 calculates the color difference Cr[m,n] at
the pixel at given coordinates [m,n] surrounded by color
differences containing the red color component from the
four diagonal directions as shown in FIG. 11A through;
Cr[m,n]=median{Cr[m-1,0-1),Cf{m+1,n-1],

Ci[m-1,n+1],Cr[m+1,n+1]} formula 51.

[0231] In the formula, median{} represents a function
through which the median of a plurality of elements is
calculated and, if there are an even number of elements, it
takes the average of the two middle elements.

[0232] Inthe first embodiment, when the color differences
containing the red color component have been calculated
through formulae 50 and 51, the color differences containing
the red color component are set so as to surround pixels at
which color information corresponding to the red color
component and color information corresponding to the blue
color component are both missing from the four directions;
i.e., from above, from below and from the left and the right.

[0233] The interpolation processing unit 17 interpolates
the color difference containing the red color component for
each of the pixels surrounded by color differences contain-
ing the red color component from the four directions; i.c.,
from above, from below and from the left and the right (each
pixel at which color information corresponding to the red
color component and color information corresponding to the
blue color component are both missing in the first embodi-
ment) by using the median of the color differences contain-
ing the red color component at the pixels set above, below
and to the left and the right of the pixel (FIG. 5 S3).

[0234] Namely, in the first embodiment, the interpolation
processing unit 17 calculates the color difference Cr[m,n] at
the pixel at given coordinates [m,n] surrounded by color
differences containing the red color component from the
four directions; i.e., from above, from below and from the
left and the right as shown in FIG. 11B through; Cr[m,n]=
median(Cr{ m,n-1],Cr{m-1,n],

Cr[m+1,n],Ct{m,n+1]} formula 52
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[0235] Next, the interpolation processing unit 17 converts
the color difference containing the red color component
calculated through formula 51 or formula 52 for each pixel
at which color information corresponding to the red color
component is missing to a red color interpolation value by
using color information corresponding to the green color
component (or the green color interpolation value) (FIG. 5
S4).

[0236] Namely, the interpolation processing unit 17 cal-
culates the red color interpolation value R[m,n] for the pixel
at given coordinates [m,n] through;

R[m,n]=Cr[m,n|+G{m,n] formula 53.

[0237] The median processing described above is imple-
mented on the color differences representing the hue alone
and is not implemented on the luminance component. In
addition, when the pixel marked O in FIG. 12A is the
interpolation target pixel in the R interpolation processing,
the color differences containing the red color component at
the pixels marked X are calculated by using the color
differences Cr over a 3x5 range, and thus, the color differ-
ence containing the red color component at the pixel marked
O represents a value which is close to the results of median
processing implemented by weighting the color differences
Cr within the 3x5 range. When the pixel marked A in FIG.
12B is the interpolation target pixel, on the other hand, the
color differences containing the red color component at the
pixels marked X are calculated by using the color differences
Cr over a 5x3 range, and thus, the color difference contain-
ing the red color component at the pixel marked A represents
a value which is close to the results of median processing
implemented by weighting the color differences Cr within
the 5x3 range.

[0238] Inother words, in the first embodiment, advantages
substantially similar to those achieved through median pro-
cessing implemented over a wide range are achieved while
keeping down the filter size. As a result, by adopting the first
embodiment, the occurrence of color artifacts around an
isolated point is reduced without destroying the color struc-
ture. Thus, a great improvement is achieved in the color
artifact reduction effect over the art disclosed in U.S. Pat.
No. 5,799,113.

[0239] In addition, since the color differences at only four
points are each used in the median processing in FIG. § S2
and FIG. 5 S3 in the first embodiment, good processing
efficiency is achieved and extremely fast median processing
is enabled.

[0240] Tt is to be noted that while the RB interpolation
processing is implemented after the G interpolation process-
ing in the first embodiment, RB interpolation processing
similar to that in the embodiment can be implemented
without having to perform G interpolation processing on
image data provided in the YCbCr colorimetric system with
Y, Cb and Cr culled at a ratio of 4:2:0 since the luminance
component Y is left intact in the image data.

Second Embodiment

[0241] The following is an explanation of the operation
achieved in the second embodiment.

[0242] 1t is to be noted that since the RB interpolation
processing in the second embodiment is implemented as in
the first embodiment, its explanation is omitted.
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[0243] In the following explanation of the G interpolation
processing, a description of the operating details identical to
those in the first embodiment is omitted. It is to be noted that
the difference between the G interpolation processing in the
second embodiment and the G interpolation processing in
the first embodiment is in the values of Gv[i,j], Gv45[i,],
Gv133[i,j], Gh[i,j], Gh45[i,j] and Gh135[i,j] used when
calculating the green interpolation value G[ij]. For this
reason, the flowchart of the operation in the interpolation
processing unit 17 during the G interpolation processing is
not provided for the second embodiment. In addition, while
an explanation is given below on an assumption that the red
color component is present at the interpolation target pixel
as shown in FIG. 2A, the second embodiment may be
adopted when implementing processing on an interpolation
target pixel at which the blue color component is present, as
shown in FIG. 2B.

[0244] The interpolation processing unit 17 ascertains the
degrees of similarity manifesting at the interpolation target
pixel as in the first embodiment (corresponds to FIG. 4
S1~S11) and classifies the type of the similarity at the
interpolation target pixel as one of cases 1~9 explained
earlier. Then, the interpolation processing unit 17 calculates
the green color interpolation value G[1,j] as indicated below.

[0245] In case 1, G[i,j]=Gv45[i,]

[0246] In case 2, G[i,j]=GV[i]]

[0247] In case 3, G[i,j]=Gv135[i,j]

[0248] In case 4, G[L,j]=(Gv45[1,j]+Gh45[1,])/2
[0249] In case 5, G[i,j]=(Gv[i,j]+Gh[i,j])/2

[0250] In case 6, G[L,j]=(Gv135[i,j]+Gh135[i,j])/2 S
[0251] In case 7, G[i,j]=Gh45[i,j]

[0252] In case 8, G[i,j]=Gh[ij]

[0253] In case 9, G[i,j]=Gh135[i,j], with

Gv[ijl=gvlij+pred -0Rv Ljl+green PGV]i ]

Gv45[ij]=gv]ijl+ored-dRv45+agreen-dGv[Lj ]+
ablue-dBv45[Lj]

Gv135[L,jl=gv]i,j +ared-PRv135[i,j[+agreen-dGv[i,
jl+ablue-dBv135[ij]

Gh[ijl=gh[ij]+ared PRh[Lj +agreen-dGh[i,j]
Gh45[i,j]=gh[ij+ored-dRh45] i,j+agreen-d0Gh[i,j ]+
ablue-dBh45[i,j]

Gh135[1,j]=[1,j foared~dRh135[1,j+a green-6Gh[ij]+
ablue-dBh135[1,j]

formula 54
formula 55

formula 56

formula 57
formula 58

formula 59

[0254] o red, o green, o blue, f red and  green in
formulae 54 - 59 each represent a constant which may be 0
or a positive value, and they satisfy o red+a green+a blue=1
and f red+f green=1. In the formula above, gv[ij] and
gh[i,j] each constitute a term corresponding to the “local
average information of the green color component” and are
equivalent to the primary term in formula 1 or formula 2, and
ORv435[1,j], dRv [i,j], dRv135[i,j], & Rh45[i,j], dRh[i ],
ORh135[1,j], & Gv45[i,j], dGh[L,j], dBv45[i,j], OBv135[i,i],
dBh45[1i,j] and 8Bh135[i,j] each represent a term corre-
sponding to the local curvature information in the corre-
sponding color component.

[0255] It is to be noted that the local average information
of the green color component and the local curvature infor-
mation based upon the individual color components are
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calculated as indicated below, depending upon the direction
along which similarity manifests.

[0256] (local average information of the green color com-

ponent)
ev[LF(GILj-1FG[Li+1]/2
ghli,j]=(Gli-1, j+Gli+1,j D2

formula 60

formula 61

Local Curvature Information Based Upon the Red
Color Component

SRv4S[i,j|=kr1(2,Z[i-2,j+2 - Z[i-2,j |- Zi-2,j+41)/4+
k22711 -Z[1 -2 F Z]ij+2 ]/a+ke3(2, 2 i+2,j-2]-Z
[i+2,j-41-Z[i+2, /4

ORV[Ljl=kr1(2,Z  i-2,j}-Z[i-2,j-2]-Z[i-2,j+2]/4+
k22 1]~ Lj-2-Z[Lj+2D/4+ke3(2 Z]i+2,i1-Z
[i+2,j-2)-Z[i+2j+2])/4

O6Rv135[1,jl=kr1(2-Z[i-2,j-2]-Z[i-2,j-4]-Z[i-2,j])/4+
k22 201, -2 ij-2 - Z[ij+2 )/A+ke3 (2 Z[i+2,j+2]-Z
[i+2,j}-2]i+2,j+4])/4
ORh45[1,j]=kr1(2-Z[i+2,j-2} 7 1,j-2]- 2] i+4.,j-2]/4+
k2 (2204, j-Z1i-2, ] - Z[i42, j-2/4+ke3(2-Z[i-2,j+2 ]
Z[i-4,j+2)-Z]ij+2])/4

ORW[L,jlEkr1(2-2]1,j-2]-Z[i-2,j-2]-Z[i+2,j-2])/4+
k22 Zij-Z =212+ 2, Dra+ke3(2-2]i,j+2]- 7~
2,j+2FZ[i+2,j+2])/4
SRN135[1,j]=kil(2-Z[i-2,~2 | Z[i-4,~2 |- ZLj-2])/4+
k222 - Zli-2,j - Z[i+2,] Dra+lad(2- Z]i+2,)+2]-Z
[Lj+2j]-Z]i+4.j+2]/4

[0257] with krl, kr2 and kr3 each representing a constant

which may be O or a positive value and satisfying krl+kr2+

kr3=1.

formula 62

formula 63

formula 64

formula 65

formula 66

formula 67,

Local Curvature Information Based Upon the
Green Color Component

8Gv [i,j]=(2-Gli-1,j]-Gli-1,j-2]-G[i-1, j+2}+2-Gli+

1,j]-Gli+1,j-2]-Gli+1,j+2]/8 formula 68
OGH[1,j]=(2-G[i,j-1]-G[i-2,j-1]-G[i+2,j-1]+2-G[Lj+
11-Gli-2,j+1]-Gli+2,j+1])/8 formula 69

Local Curvature Information Based Upon the Blue
Color Component

8BVAS[Ljl=(2-Z[i-1, j+1}Z[i-1, j-1FZ[i-1, j+3]+

2-7[i+1,j-1]-Z[i+1,j-3FZ[3+1,j+1])/8 formula 70
8Bv135[ijl=(2-Zli-1, j-1}-2Z[i-1, j-3}-2[i-1, j+1]+
2-Z[3+1,j+1 - Z[i+1,j-1 - Z[i+1,j+3])/8 formula 71
8Bh4S[Lj|=(2-Z[i+1,j-1)-Z[i-1, j-1]-2[i+3,j-1]+2-Z
[i-1, j+1]-2Z[i-3,j+1]-Z[i+1,j+1])/8 formula 72
8Bh135[i,j=(2-2[i+1,j-1]-Z[i-3 j-1-Zi+1j-1}2-Z]
i+1,j+17[i-1, j+1)-Z[i+3,j+11)/8 formula 73

[0258] 1t is to be noted that FIGS. 13 and 14 show the
positions of the color information used when calculating
local curvature information based upon the individual color
components. Namely, local curvature information corre-
sponding to a given color component is obtained through
weighted addition of the components of the curvature infor-
mation calculated by using color information at the pixels
contained within the area enclosed by the oval in FIG. 13 or
14.

[0259] In other words, dRv45[1,j] is local curvature infor-
mation with directionality manifesting along the vertical
direction and the diagonal 45° direction, 8Rv[i,j] is local
curvature information with directionality manifesting along
the vertical direction, 8Rv135[i,j] is local curvature infor-
mation with directionality manifesting along the vertical
direction and the diagonal 135° direction, dRh45[1,j] is local
curvature information with directionality manifesting along
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the horizontal direction and the diagonal 45° direction,
ORN(i,j] is local curvature information with directionality
manifesting along the horizontal direction and dRh135[1,j] is
local curvature information with directionality manifesting
along the horizontal direction and the diagonal 135° direc-
tion.

[0260] In addition, 8Gv[i,j] is local curvature information
with directionality manifesting along the vertical direction
and (Gh[i,j] is local curvature information with directional-
ity manifesting along the horizontal direction.

[0261] OBv45[i,j] is local curvature information with
directionality manifesting along the vertical direction and
the diagonal 45° direction, dBv135[i,j] is local curvature
information with directionality manifesting along the verti-
cal direction and the diagonal 135° direction, dBh45[i,j] is
local curvature information with directionality manifesting
along the horizontal direction and the diagonal 45° direction
and 8Bh135[i,j] is local curvature information with direc-
tionality manifesting along the horizontal direction and the
diagonal 135° direction.

[0262] Tt is to be noted that the first embodiment explained
earlier is equivalent to a situation in which the ratios of the
coefficients in formulae 54~59 and formulae 62~67 in the
second embodiment are set at;

ared: a green : ablue=1:0:1, B red :  green=1:1 and

krl: ki2 : kr3=0:1:0.
[0263] In the second embodiment, G interpolation pro-
cessing with varying characteristics and achieving various
advantages can be realized by setting different ratios for
these coefficients. The following is an explanation of typical
examples of ratio setting for the coefficients and features and
advantages of the individual examples.

Example 1

ared: a green : ablue=1:0:1, B red :  green=1:1 and

krl: ki2 : kr3=1:6:1.
[0264] By setting these ratios, the method of calculating
the local curvature information based upon the red color
component is changed from that adopted in the first embodi-
ment, and the local curvature information based upon the red
color component extracted from a wider range than in the
first embodiment is made to undergo mild low pass filtering
as appropriate while taking into consideration the direction-
ality. Thus, by adopting the settings in example 1, the overall
effect for reducing over correction is improved over the first
embodiment.

Example 2

ared: a green : ablue=1:1:0, f red :  green=1:1 and

krl: ki2 : kr3=0:1:0.
[0265] Through these settings, the local curvature infor-
mation based upon the blue color component which prevents
an over correction attributable to the local curvature infor-
mation based upon the red color component when similarity
manifests along the diagonal direction in the first embodi-
ment is all substituted with local curvature information
based upon the green color component. Thus, by adopting
the settings in example 2, the need for making a judgment
with regard to similarity manifesting along the diagonal
directions is eliminated to simplify the algorithm and, at the
same time, the extraction of structural information at a
sufficient level is achieved while preventing over correction.
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Example 3

ared : a green : a blue=0:1:0, f red : f green=0:1 and
krl: kr2 : kr3=setting not required

[0266] By adopting these settings, the local curvature
information based upon the green color component used to
prevent over correction of the red color component in
example 2 is now used as the main element in the correc-
tional term. The structural information can be extracted even
when the correctional term is constituted only of the curva-
ture information based upon the green color component.
This means that the curvature information based upon the
green color component, too, contains a great deal of struc-
tural information equivalent to the curvature information
based upon the red color component that passes through the
center. In addition, by adopting the settings in example 3, a
correction is performed with local curvature information
based upon the same color component, i.e., the green color
component, as the color component of the average informa-
tion constituting the primary term. Thus, through the settings
in example 3, no over correction occurs and the need for
performing a judgment with regard to similarity manifesting
along the diagonal directions is eliminated as in example 2,
resulting in simplification of the algorithm.

Example 4

ared : a green : a blue=0:0:1, p red : Pgreen=0:1 and

krl: kr2 : kr3=setting not required
[0267] The relationship of this example to the first
embodiment is similar to the relationship between example
2 and example 3, and by adopting these settings, the cur-
vature information based upon the color component used to
prevent an over correction of the local curvature information
based upon the red color component is now utilized as the
main element in the correctional term. While it is not
possible to prevent over correction attributable to local
curvature information based upon the blue color component
through the settings in example 4, advantages comparable to
those in the first embodiment are achieved with regard to the
extractions of the local structural information.

Example 5

ared:agreen: o blue=1:1:1,: Bred: f green=1:1and

krl: ke2 kr3=1:0:1
[0268] These settings represent an example of ratios of the
coefficients effective even when the local curvature infor-
mation based upon the red color component that passes
through the center is not used as a measure against over
-correction occurring at the settings in example 4. By
adopting the settings in example 5, the degree of over
correction attributable to local curvature information based
upon the blue color component can be reduced with the local
curvature information based upon the red color component
obtained from nearby pixels when similarity manifests along
the diagonal directions, while achieving the advantage of
extracting the local structural information as in example 3
and example 4.

Third Embodiment

[0269] The following is an explanation of the operation
achieved in the third embodiment.

[0270] 1t is to be noted that since the RB interpolation
processing in the third embodiment is implemented as in the
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first embodiment, its explanation is omitted. However, in the
third embodiment, color differences containing the red color
component are interpolated for some of the pixels at which
color information corresponding to the green color compo-
nent is present (equivalent to the pixels provided with G
color filters) through formula 51 presented earlier, and color
differences containing the red color component are interpo-
lated for the remaining pixels at which color information
corresponding to the green color component is present and
for the pixels at which color information corresponding to
the blue color component is present through formula 52.

[0271] The following is an explanation of the G interpo-
lation processing.

[0272] Since the closest pixels at which the green color
component (the closest green color component) is present
are located along the horizontal direction relative to the pixel
to undergo the G interpolation processing as shown in FIGS.
3A and 3B in the third embodiment, it is not necessary to
calculate the similarity degrees or to judge the direction
along which similarity manifests as required in the first
embodiment during the G interpolation processing. How-
ever, the calculation of similarity degrees and judgment with
regard to the direction along which similarity manifests may
be performed along the diagonal 45° direction and the
diagonal 135° direction in which the second closest pixels
with green color component (the second closest green color
component) are present.

[0273] In the third embodiment, the interpolation process-
ing unit 17 calculates the green color interpolation value
G[i,j] through the following formula 74 based upon the
image data arranged as shown in FIGS. 3A and 3B.

Gl (Gi-1, +Gi+1,D/2+2-ZlL,{-Z[i-2,{]-

Z[i+2,i )8+ Zlijl-1]-2li-2,-1]-Z[i+2,j-1]+

2-7[1,j+11-2[i-2,+1]-Z[i+2,j+1j)/16
[0274] In formula 74, the first term represents the “local
average information of the green color component”, which
is equivalent to the primary terms in formula 1 and formula
2. In addition, while the second term represents the “local
curvature information based upon a color component match-
ing the color component at the interpolation target pixel” and
the third term represents the “local curvature information
based upon a color component other than the color compo-
nent at the interpolation target pixel”, the third term consti-
tutes the “local curvature information based upon the blue
color component” if color information corresponding to the
red color component is present at the interpolation target
pixel (FIG. 3A), whereas the third term constitutes the
“local curvature information based upon the red color com-
ponent” if color information corresponding to the blue color
component is present at the interpolation target pixel (FIG.
3B).

[0275] Inother words, the local average information of the
green color component (the primary term) is corrected by
using the local curvature information based upon the red
color component and the local curvature information based
upon the blue color component at phases opposite from each
other in the third embodiment.

formula 74

[0276] As aresult, as in the first embodiment, even when
the color information corresponding to the red color com-
ponent and the color information corresponding to the blue
color component are offset relative to the color information
corresponding to the green color component due to a mag-
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nification chromatic aberration, the primary term is cor-
rected in correspondence to the average change in quantity
in the color information corresponding to the red color
component and the color information corresponding to the
blue color component in the third embodiment (see FIGS.
9A and 9B). Thus, even when there is a magnification
chromatic aberration at the photographic optical system 12,
the primary term can be corrected for a desired pixel with the
overshoot and undershoot occurring in the G interpolation
processing disclosed in U.S. Pat. No. 5,629,734 canceling
out each other in the third embodiment. Consequently, the
occurrence of color artifacts due to over correction can be
reduced by adopting the third embodiment.

Fourth Embodiment

[0277] The following is an explanation of the operation
achieved in the fourth embodiment.

[0278] 1t is to be noted that since the RB interpolation
processing in the fourth embodiment is implemented as in
the first embodiment, its explanation is omitted.

[0279] In the following explanation of the G interpolation
processing, operating details identical to those in the first
embodiment are not explained. It is to be noted that the
difference between the G interpolation processing in the
fourth embodiment and the G interpolation processing in the
first embodiment is in the operation performed after a
judgment is made with regard to degrees of similarity
manifested by the interpolation target pixel. For this reason,
a flowchart of the operation performed at the interpolation
processing unit 17 during the G interpolation processing in
the fourth embodiment is not provided.

[0280] The interpolation processing unit 17 ascertains
degrees of similarity manifesting by the interpolation target
pixel as in the first embodiment (corresponds to FIG. 4
S1~S11) and classifies the type of similarity at the interpo-
lation target pixel as one of case 1~9 explained earlier.

[0281] Then, the interpolation processing unit 17 calcu-
lates the inclination Gk[i,j] of the green color component
and the inclination ZKk[i,j] of the red color component (or the
blue color component) relative to the direction perpendicular
to the direction judged to manifest marked similarity as
indicated below.

[0282] In case 1,
GK[Lj=(Gli-1, {J+GlLj-1D~(G[Lj+1]+G[i+1,D)y2  formula 75
ZRL (22 W ZlLj-2])- L2+ 22, )2 formula 76
[0283] In case2,
GX[1,j]=GlLj-1]-Glij+1] formula 77
ZK[1,j =2 Lj-2]-2]1j+2] formula 78
[0284] In case3,
GK[1,j]=(Gli-1, j+GlLj+1D-(GlLj-1+Gli+1,j])/2 formula 79
ZL (22 W 2L+ 2]~ L- 2+ 22, )2 formula 80
[0285] In case 4, same as an case 1
[0286] In case 5,
Gk[ij]=l, Zk[i,j]=1
[0287] In case 6, same as an case 3

[0288] In case 7, same as an case 1
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[0289] In case 8
GK[1,j]=Gli-1, j]-Gli+1,j] formula 81
ZK[1j]=7]i-2,j]-2]i+2,]] formula 82

[0290]

[0291] Next, the interpolation processing unit 17 calcu-
lates the green color interpolation value G[i,j] as follows.

[0292] In case 1, G[i,j]=GvKk[i;]

[0293] In case 2, G[1,j]=GvKk[i,]

[0294] In case 3, G[1,j]=GvKk[i,]

[0295] In case 4, G[Lj]=(GvKk[i,j]+GhK[i,j])/2
[0296] In case 5, G[Lj]=(GvKk[ij]+GhK[i,j])/2
[0297] In case 6, G[Lj]=(GvKk[Lj]+GhK[i,j])/2
[0298] In case 7, G[i,j]=Ghk[i,j]

[0299] In case 8, G[i,j]=Ghk[i,j]

[0300] In case 9, G[i,j]=Ghk[i,j], with

GVK[L,j[=(G[1,j-1 +GlLj+1]/2+GKk[1,j )V Zk[1,]]

In case 9, same as an case 3

2 Zlij -2 Lj-2]- 2 Lj+2])/4 formula 83
[0301] and
GhK[L{l=(Gli-1, {+G[i+1,D/2+G[Lj VZK[Lj] formula 84.

Q2 Z i, j-Zli-2,j 2 i+2,5 /4

[0302] Informulae 83 and 84, the first term represents the
“local average information of the green color component”
which is equivalent to the primary term in formula 1 and
formula 2. The second term is the “local curvature informa-
tion based upon a color component matching the color
component at the interpolation target pixel” multiplied by a
weighting coefficient (a value indicating the correlation
between the inclination Gk[i,j] of the green color component
and the inclination zK[i,j] of the red color component (or the
blue color component): Gk[i,j/ZK[i,j]), and is equivalent to
the correctional term.

[0303] Namely, in the fourth embodiment, the local aver-
age information of the green color component is corrected
by using the “local curvature information based upon a color
component matching the color component at the interpola-
tion target pixel” multiplied by the weighting coefficient.

[0304] Now, a problem that arises when calculating the
correction value by simply adding the “local curvature
information based upon a color component matching the
color component at the interpolation target pixel” without
being multiplied by the weighting coefficient to the “local
average information of the green color component” is dis-
cussed.

[0305] For instance, when color information correspond-
ing to the green color component and color information
corresponding to the red color component (or the blue color
component) are provided as indicated by @ in FIG. 15
(when the values indicated by the color information corre-
sponding to the green color component start to increase at a
specific position and the values indicated by the color
information corresponding to the red color component (or
the blue color component) start to decrease at the same
position), the “local curvature information based upon a
color component matching the color component at the
interpolation target pixel” indicates a positive value. Thus, in
such a case, if the “local curvature information based upon
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a color component matching and the color component at the
interpolation target pixel” is added to the “local average
information of the green color component” without first
multiplying it with the weighting coefficient, the “local
average information of the green color component”, which
should be corrected along the negative direction, becomes
corrected in the positive direction as indicated by A in FIG.
15, resulting in an overshoot.

[0306] In other words, when color information corre-
sponding to the green color component and the color infor-
mation corresponding to the red color component (or the
blue color component) change in opposite directions from a
specific position at a color boundary, an overshoot or an
undershoot occurs if the correctional term is calculated
simply by adding the “local curvature information based
upon a color component matching the color component at
the interpolation target pixel” to the “local average infor-
mation of the green color component” without first multi-
plying the “local curvature information based upon a color
component matching the color component at the interpola-
tion target pixel” by the weighting coefficient.

[0307] In the embodiment, if color information corre-
sponding to the green color component and color informa-
tion corresponding to the red color component (or the blue
color component) are provided as indicated by @ in FIG. 15,
the sign of the inclination GK[i,j] corresponding to the green
color component and the sign of the inclination ZK[ij]
corresponding to the red color component (or the blue color
component) are opposite from each other resulting in the
weighting coefficient being a negative value. Thus, the
“local average information of the green color component™ is
corrected in the desired direction as indicated by O in FIG.
15, preventing an overshoot or an undershoot from occur-
ring.

[0308] Consequently, the occurrence of color artifacts
attributable to over correction at a color boundary is reduced
in the fourth embodiment.

[0309] 1t is to be noted that while no restrictions are
imposed with regard to the value of the weighting coefficient
in the fourth embodiment, restrictions may be imposed to set
the value of the weighting coefficient within a specific range
to ensure that the correctional term does not become too
large.

[0310] For instance, the range for the weighting coefficient
may be set; |GK[i,j)/Zk[i,j]|=5.

Fifth Embodiment

[0311] The following is an explanation of the operation
achieved in the fifth embodiment.

[0312] Tt is to be noted that since the RB interpolation
processing in the fifth embodiment is performed as in the
first embodiment, its explanation is omitted. However, in the
fifth embodiment, color differences containing the red color
component are interpolated for some of the pixels at which
color information corresponding to the green color compo-
nent is present through formula 51 and color differences
containing the red color component are interpolated for the
remaining pixels at which color information corresponding
to the green color component is present and for pixels at
which color information corresponding to the blue color
component is present through formula 52, as in the third
embodiment.
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[0313] Now, the G interpolation processing is explained.

[0314] Inthe fifth embodiment, in which the closest pixels
at which color information corresponding to the green color
component is present are set along the horizontal direction
to a pixel to undergo the G interpolation processing as
shown in FIGS. 3A and 3B, interpolation processing is
achieved in the simplest manner by using the color infor-
mation at the pixels set along the horizontal direction.
Accordingly, the green color interpolation value G[i,j] is
calculated in the fifth embodiment as in case 8 in the fourth
embodiment.

[0315] Namely, the interpolation processing unit 17 cal-
culates the green color interpolation value G[i,j] through
formula 85.

G[Lj(Gli-1,j HGli+1,j D/2+GKLj VZK[1,j I C~Z[1j]-

Z[io2,j - 2li+ 2,14 formula 85,
[0316] with

GX[1,j]=Gli-1,j]-Gli+1,]] formula 81
[0317] and

ZK[1j =2l i-2,i -2 +2,] formula 82.

[0318] As indicated above, in the fifth embodiment, the
local average information of the green color component is
corrected by using the “local curvature information based
upon a color component matching the color component at
the interpolation target pixel” multiplied by the weighting
coefficient (a value representing the correlation between the
inclination GK[i,j] corresponding to the green color compo-
nent and the inclination Zk[i,j] corresponding to the red
color component (or the blue color component): GK[i,j]/Zk
[1,j] as in the fourth embodiment. As a result, the occurrence
of color artifacts attributable to over correction at a color
boundary can be reduced through the fifth embodiment.

[0319] It is to be noted that while an explanation is given
above in reference to the embodiments on an example in
which the color difference is used as a hue in the G
interpolation processing and the RB interpolation process-
ing, G interpolation processing and RB interpolation pro-
cessing can be achieved in a similar manner by using a color
ratio or the like as a hue instead of a color difference.

[0320] While an explanation is given above in reference to
the individual embodiments on an example in which the
curvature information based upon each color component is
calculated through quadratic differentiation, the present
invention is not limited to this example, and curvature
information may be obtained through differentiation of a
higher order. In other words, any method may be adopted as
long as the degree of change in the rate of change occurring
in each color component is ascertained.

Sixth Embodiment

[0321] The following is an explanation of the operation
achieved in the sixth embodiment.

[0322] FIG. 16 is a functional block diagram representing
the sixth embodiment. In FIG. 16, the same reference
numbers are assigned to components achieving identical
functions to those in the functional block diagram in FIG. 1
to preclude the necessity for repeated explanation of their
structures.
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[0323] The structure of an electronic camera 20 shown in
FIG. 16 differs from that of the electronic camera 10 in FIG.
1 in that a control unit 21 and an image processing unit 22
in FIG. 16 replace the control unit 11 and the image
processing unit 15 in FIG. 1, with an interface unit 23 in
FIG. 16 provided as an additional component.

[0324] In addition, in FIG. 16, a personal computer 30 is
provided with a CPU 31, an interface unit 32, a hard disk 33,
a memory 34, a CD-ROM drive device 35 and a commu-
nication interface unit 36 with the CPU 31 connected to the
interface unit 32, the hard disk 33, the memory 34, the
CD-ROM drive device 35 and the communication interface
unit 36 via a bus.

[0325] 1t is to be noted that an interpolation processing
program (an interpolation processing program for executing
interpolation processing similar to that implemented at the
interpolation processing unit 17 in the various embodiments
explained earlier) recorded at a recording medium such as a
CD-ROM 37 is pre-installed at the personal computer 30 via
the CD-ROM drive device 35. In other words, the interpo-
lation processing program is stored at the hard disk 33 in an
execution-ready state.

[0326] The following is an explanation of the operation
achieved in the sixth embodiment, given in reference to
FIG. 16.

[0327] First, image data generated as in the electronic
camera 10 shown in FIG. 1 are provided to the image
processing unit 22 in the electronic camera 20. The image
data undergo image processing (e.g., gradation conversion
processing) other than interpolation processing at the image
processing unit 22, and the image data having undergone the
image processing are then recorded at the recording unit 16
in an image file format.

[0328] This image file is provided to the personal com-
puter 30 via the interface unit 23.

[0329] Upon obtaining the image file via the interface unit
32, the CPU 31 in the personal computer 30 executes the
interpolation processing program. The image data with
resolutions corresponding to the individual color compo-
nents enhanced through the interpolation processing then
undergo image compression and the like as necessary, are
recorded at the hard disk 33 or the like and are finally output
as data in a calorimetric system corresponding to the type of
individual device connected, such as a display or a printer.

[0330] Namely, interpolation processing similar to that
achieved in the embodiments explained earlier is imple-
mented on the personal computer 30 in the sixth embodi-
ment.

[0331] While an explanation is given in reference to the
sixth embodiment on an example in which the interpolation
processing program is provided through a recording medium
such as the CD-ROM 37, the recording medium that may be
used is not limited to a CD-ROM and any of various types
of recording media including magnetic tape and a DVD may
be used instead.

[0332] In addition, programs may be provided via a trans-
mission medium such as a communication line 38, a typical
example of which is the Internet. In other words, the
programs which are first converted to signals on a carrier
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wave that carries a transmission medium may be transmit-
ted. The personal computer 30 shown in FIG. 16 has such
a function as well.

[0333] The personal computer 30 is provided with the
communication interface unit 36 that connects with the
communication line 38. A server computer 39, which pro-
vides the interpolation processing program, has the interpo-
lation processing program stored at a recording medium
such as an internal hard disk. The communication line 38
may be a communication line for connection with the
Internet or for a personal computer communication or it may
be a dedicated communication line 38. The communication
line 38 may be a telephone line or a wireless telephone line
for a mobile telephone or the like.

[0334] 1t is to be noted that the interpolation processing
program according to the present invention that is executed
within the electronic camera 10 in FIG. 1 is normally
installed in a ROM (not shown) or the like at the time of
camera production. However, the ROM in which the inter-
polation processing program is installed may be an over-
writible ROM, and the electronic camera may be then
connected to a computer assuming a structure similar to that
shown in FIG. 16, to allow an upgrade program to be
provided from a recording medium such as a CD-ROM via
the computer. Furthermore, an upgrade program may be
obtained via the Internet or the like as described earlier.

What is claimed is:

1. An interpolation processing apparatus that engages in
processing on image data which are provided in a colori-
metric system constituted of first~nth (n=2) color compo-
nents and include color information corresponding to a
single color component provided at each pixel to determine
an interpolation value equivalent to color information cor-
responding to the first color component for a pixel at which
the first color component is missing, comprising:

an interpolation value calculation section that uses color
information at pixels located in a local area containing
an interpolation target pixel to undergo interpolation
processing to calculate an interpolation value includ-
ing, at least

(1) local average information of the first color compo-
nent with regard to the interpolation target pixel and

(2) local curvature information corresponding to at
least two color components with regard to the inter-
polation target pixel.

2. An interpolation processing apparatus according to
claim 1, wherein:

said interpolation value calculation section calculates, as
said local curvature information corresponding to at
least two color components,

(1) local curvature information based upon a color
component matching a color component at the inter-
polation target pixel and

(2) local curvature information based upon a color
component other than the color component at the
interpolation target pixel.

3. An interpolation processing apparatus that engages in
processing on image data which are provided in a colori-
metric system constituted of first~nth (n=2) color compo-
nents and include color information corresponding to a
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single color component provided at each pixel to determine
an interpolation value equivalent to color information cor-
responding to the first color component for a pixel at which
the first color component is missing, comprising:

an interpolation value calculation section that uses color
information at pixels located in a local area containing
an interpolation target pixel to undergo interpolation
processing to calculate an interpolation value includ-
ing, at least

(1) local average information of the first color compo-
nent with regard to the interpolation target pixel and

(2) local curvature information based upon a color
component other than a color component at the
interpolation target pixel.

4. An interpolation processing apparatus that engages in
processing on image data which are provided in a calori-
metric system constituted of first~nth (n=2) color compo-
nents and include color information corresponding to a
single color component provided at each pixel to determine
an interpolation value equivalent to color information cor-
responding to the first color component for a pixel at which
the first color component is missing, comprising:

an interpolation value calculation section that uses color
information at pixels located in a local area containing
an interpolation target pixel to undergo interpolation
processing to calculate an interpolation value includ-
ing, at least

(1) local average information of the first color compo-
nent with regard to the interpolation target pixel and

(2) local curvature information corresponding to the
first color component with respect to the interpola-
tion target pixel.

5. An interpolation processing apparatus according to
claim 1, further comprising:

a first similarity judgment section that judges degrees of
similarity to the interpolation target pixel along at least
two directions in which pixels with color information
corresponding to the first color component are con-
nected with the interpolation target pixel; and

a second similarity judgment section that judges degrees
of similarity to the interpolation target pixel along at
least two directions other than the directions in which
the degrees of similarity are judged by said first simi-
larity judgment section, wherein:

said interpolation value calculation section selects a
direction along which pixels having color informa-
tion to be used to calculate said local average infor-
mation of the first color component are set based
upon results of a judgment made by said first simi-
larity judgment section;

(1) said interpolation value calculation section
selects a direction along which pixels having color
information to be used to calculate said local
curvature information are set based upon results of
the judgment made by said first similarity judg-
ment section if said local curvature information is
“local curvature information constituted of a
single color component and manifesting direction-
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ality along a direction in which degrees of simi-
larity are judged by said first similarity judgment
section”; and

(2) said interpolation value calculation section
selects a direction along which pixels having color
information to be used to calculate said local
curvature information are set based upon results of
a judgment made by said second similarity judg-
ment section if said local curvature information is
“local curvature information constituted of a
single color component and manifesting direction-
ality along a direction in which degrees of simi-
larity are judged by said second similarity judg-
ment section.”

6. An interpolation processing apparatus that engages in
processing on image data which are provided in a calori-
metric system constituted of first~nth (n=2) color compo-
nents and include color information corresponding to a
single color component provided at each pixel to determine
an interpolation value equivalent to color information cor-
responding to the first color component for a pixel at which
the first color component is missing, comprising:

an interpolation value calculation section that calculates
an interpolation value including at least two terms, i.e.,
a first term and a second term by using color informa-
tion at pixels set in a local area containing an interpo-
lation target pixel to undergo interpolation processing;

a first similarity judgement section that judges degrees of
similarity to the interpolation target pixel along at least
two directions in which pixels having color information
corresponding to the first color component are con-
nected to the interpolation target pixel; and

a second similarity judgment section that judges degrees
of similarity to the interpolation target pixel along at
least two directions other than the directions in which
the degrees of similarity are judged by said first simi-
larity judgment section, wherein:

said interpolation value calculation section selects a
direction along which pixels having color informa-
tion to be used to calculate said first term are set
based upon results of a judgment made by said first
similarity judgment section and selects a direction
along which pixels having color information to be
used to calculate said second term are set based upon
results of a judgment made by said second similarity
judgment section.

7. An interpolation processing apparatus according to
claim 6, wherein

said interpolation value calculation section:
calculates a term containing

(a) local average information of the first color compo-
nent with regard to the interpolation target pixel and

(b) local curvature information constituted of a single
color component and manifesting directionality
along a direction in which degrees of similarity are
judged by said first similarity judgment section, as
said first term; and

calculates a term containing local curvature information
constituted of a single color component and manifest-
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ing directionality along a direction in which degrees of
similarity are judged by said second similarity judg-
ment section, as said second term.
8. An interpolation processing apparatus according to
claim 5, wherein:

when image data are provided in a calorimetric system
constituted of first~third color components with the
first color component achieving a higher spatial fre-
quency than the second color component and the third
color component, the first color component set in a
checker-board pattern, the second color component and
the third color component each set in a line sequence
between pixels at which color information correspond-
ing to the first color component is present and infor-
mation corresponding to the second color component
present at the interpolation target pixel;

said first similarity judgment section calculates similarity
degrees manifested by the interpolation target pixel
along two directions, i.e., a vertical direction and a
horizontal direction, in which pixels with color infor-
mation corresponding to the first color component that
are closest to the interpolation target pixel are con-
nected to the interpolation target pixel and makes a
judgment with regard to degrees of similarity mani-
fested by the interpolation target pixel along the verti-
cal direction and the horizontal direction based upon a
difference between said similarity degrees;

said second similarity judgment section calculates simi-
larity degrees manifested by the interpolation target
pixel along two diagonal directions in which pixels
with color information corresponding to the third color
component that are closest to the interpolation target
pixel are connected to the interpolation target pixel and
makes a judgment with regard to degrees of similarity
manifested by the interpolation target pixel along the
two diagonal directions based upon a difference
between said similarity degrees; and

said interpolation value calculation section selects at least
either the second color component or the first color
component based upon which said “local curvature
information constituted of a single color component
and manifesting directionality along a direction in
which degrees of similarity are judged by said first
similarity judgment section” is provided and selects at
least either the second color component or the third
color component based upon which said “local curva-
ture information constituted of a single color compo-
nent and manifesting directionality along a direction in
which degrees of similarity are judged by said second
similarity judgment section” is provided.

9. An interpolation processing apparatus according to
claim 8, wherein:

when said local curvature information is “local curvature
information based upon a color component other than
the color component at the interpolation target pixel”,
said interpolation value calculation section selects the
first color component or the third color component to
which said local curvature information is to correspond
in conformance to the degrees of similarity judged by
said second similarity judgment section.
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10. An interpolation processing apparatus according to
claim 9, wherein:

said interpolation value calculation section calculates
local curvature information based upon the first color
component if said second similarity judgment section
judges that roughly equal degrees of similarity manifest
along the two diagonal directions and calculates local
curvature information based upon the third color com-
ponent if said second similarity judgment section
judges that a higher degree of similarity manifests
along one of the two diagonal directions compared to
the other diagonal direction.

11. An interpolation processing apparatus according to

claim 8, wherein:

said first similarity judgment section judges that roughly
equal degrees of similarity manifest along the vertical
direction and the horizontal direction if a difference
between the similarity degrees along the vertical direc-
tion and the horizontal direction is smaller than a
specific threshold value; and

said second similarity judgment section judges that
roughly equal degrees of similarity manifest along the
two diagonal directions if a difference between the
similarity degrees along the two diagonal directions is
smaller than a specific threshold value.
12. An interpolation processing apparatus according to
claim 8, wherein:

said first similarity judgment section calculates the simi-
larity degrees along the vertical direction and the
horizontal direction by using color information corre-
sponding to a plurality of color components for a single
interpolation target pixel; and

said second similarity judgment section calculates the

similarity degrees along the two diagonal directions by

using color information corresponding to a plurality of

color components for a single interpolation target pixel.

13. An interpolation processing apparatus according to
claim 12, wherein:

said second similarity judgment section calculates a simi-
larity degree manifesting along each of the two diago-
nal directions through weighted addition of:

(1) a similarity degree component constituted of color
information corresponding to the first color compo-
nent alone;

(2) a similarity degree component constituted of color
information corresponding to the second color com-
ponent alone;

(3) a similarity degree component constituted of color
information corresponding to the third color compo-
nent alone; and

(4) a similarity degree component constituted of color
information corresponding to the second color com-
ponent and the third color component.

14. An interpolation processing apparatus according to
claim 8, wherein:

said first similarity judgment section calculates similarity
degrees along the vertical direction and the horizontal
direction for each pixel and makes a judgment on
similarity manifested by the interpolation target pixel
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along the vertical direction and the horizontal direction
based upon differences in similarity degrees manifest-
ing at nearby pixels as well as at the interpolation target
pixel; and

said second similarity judgment section calculates simi-
larity degrees along the two diagonal directions for
each pixel and makes a judgment on similarity mani-
fested by the interpolation target pixel along the two
diagonal directions based upon differences in similarity
degrees manifesting at nearby pixels as well as at the
interpolation target pixel.

15. An interpolation processing apparatus that engages in
processing on image data which are provided in a calori-
metric system constituted of first~nth (n=2) color compo-
nents and include color information corresponding to a
single color component provided at each pixel to determine
an interpolation value equivalent to color information cor-
responding to the first color component for a pixel at which
the first color component is missing, comprising:

a first term calculation section that calculates a first term
representing average information of the first color
component with regard to an interpolation target pixel
to undergo interpolation processing by using color
information corresponding to color components at pix-
els set in a local area containing the interpolation target
pixel;

a second term calculation section that calculates a second
term representing local curvature information based
upon a color component matching the color component
at the interpolation target pixel with regard to the
interpolation target pixel by using color information
corresponding to color components at pixels set in a
local area containing the interpolation target pixel; and

an interpolation value calculation section that calculates
an interpolation value by adding said second term
multiplied by a weighting coefficient constituted of
color information corresponding to a plurality of color
components at pixels in the local area containing the
interpolation target pixel to said first term.

16. An interpolation processing apparatus according to

claim 15, wherein:

said interpolation value calculation section uses color
information corresponding to a plurality of color com-
ponents provided at the interpolation target pixel and at
a plurality of pixels set along a predetermined direction
relative to the interpolation target pixel to ascertain
inclinations manifesting in color information corre-
sponding to the individual color components along the
direction and calculates said weighting coefficient in
conformance to a correlation manifesting among the
inclinations in the color information corresponding to
the individual color components.

17. An interpolation processing apparatus that implements
processing for supplementing a color component value at a
pixel at which information corresponding to a color com-
ponent is missing in image data provided in a calorimetric
system constituted of a luminance component and the color
component, with the luminance component having a higher
spatial frequency than the color component and the lumi-
nance component present both at pixels having information
corresponding to the color component and at pixels lacking
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information corresponding to the color component, com-
prising:

a hue value calculation section that calculates hue values
at a plurality of pixels located near an interpolation
target pixel to undergo interpolation processing and
having both the luminance component and the color
component by using luminance component values and
color component values at the individual pixels;

a hue value interpolation section that calculates a hue
value at the interpolation target pixel by using a median
of the hue values at the plurality of pixels calculated by
said hue value calculation section; and

a color conversion section that interpolates a color com-
ponent at the interpolation target pixel by using the
luminance component at the interpolation target pixel
to convert the hue value at the interpolation target pixel
calculated by said hue value interpolation section to a
color component.

18. An interpolation processing apparatus that implements
processing for supplementing a luminance component at a
pixel at which information corresponding to a luminance
component is missing and supplementing a color component
at a pixel at which information corresponding to a color
component is missing, on image data provided in a calori-
metric system constituted of the luminance component and
the color component, with the luminance component having
a higher spatial frequency than the color component and a
given pixel having only information corresponding to either
the luminance component or the color component, compris-
ing:

a luminance component interpolation section that inter-
polates a luminance component at a luminance com-
ponent interpolation target pixel to undergo luminance
component interpolation processing by using at least
either “similarity manifesting between the luminance
component interpolation target pixel and a pixel near
the luminance component interpolation target pixel” or
“a plurality of color components within a local area
containing the luminance component interpolation tar-
get pixel”;

a hue value calculation section that calculates hue values
at a plurality of pixels located near an interpolation
target pixel to undergo color component interpolation
processing, having color component values and having
luminance component values interpolated by said lumi-
nance component interpolation section, by using the
luminance component values and color component
values at the individual pixels;

a hue value interpolation section that calculates a hue
value for the interpolation target pixel by using a
median of the hue values at the plurality of pixels
calculated by said hue value calculation section; and

a color conversion section that interpolates a color com-
ponent value for the interpolation target pixel by using
the luminance component value at the interpolation
target pixel to convert the hue value at the interpolation
target pixel calculated by said hue value interpolation
section to a color component value.
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19. An interpolation processing apparatus according to
claim 17, wherein:

when the luminance component in the image data corre-
sponds to a green color component and the color
component in the image data corresponds to a red color
component and a blue color component,

said hue value interpolation section calculates a hue value
for the interpolation target pixel by using a median of
hue values containing the red color component at pixels
near the interpolation target pixel if the green color
component is present but the red color component is
missing at the interpolation target pixel and calculates
a hue value for the interpolation target pixel by using a
median of hue values containing the blue color com-
ponent at pixels near the interpolation target pixel if the
green color component is present but the blue color
component is missing at the interpolation target pixel.
20. An interpolation processing apparatus according to
claim 17, wherein:

when the luminance component in the image data corre-
sponds to a green color component and the color
component in the image data corresponds to a red color
component and a blue color component,

said hue value interpolation section calculates a hue value
for the interpolation target pixel by using a median of
hue values containing the red color component at pixels
set near the interpolation target pixel if the blue color
component is present but the red color component is
missing at the interpolation target pixel.

21. An interpolation processing apparatus according to

claim 17, wherein:

when the luminance component in the image data corre-
sponds to a green color component and the color
component in the image data corresponds to a red color
component and a blue color component,

said hue value interpolation section calculates a hue value
for the interpolation target pixel by using a median of
hue values containing the blue color component at
pixels set near the interpolation target pixel if the red
color component is present but the blue color compo-
nent is missing at the interpolation target pixel.

22. An interpolation processing apparatus according to
claim 17, with a color component missing at the interpola-
tion target pixel present at only one pixel among four pixels
set symmetrically along the vertical direction and the hori-
zontal direction, wherein said hue value interpolation sec-
tion comprises:

a first hue value interpolation unit that calculates a hue
value for the interpolation target pixel by using a
median of hue values at a plurality of diagonally
adjacent pixels if the hue values of the plurality of
diagonally adjacent pixels adjacent to the interpolation
target pixel along diagonal directions have been calcu-
lated by said hue value calculation section; and

a second hue value interpolation unit that calculates a hue
value for the interpolation target pixel by using a
median of hue values at a plurality of vertically and
horizontally adjacent pixels if the hue values of the
plurality of vertically and horizontally adjacent pixels
adjacent to the interpolation target pixel in the vertical
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direction and the horizontal direction have been calcu-
lated by said hue value calculation section or said first
hue value interpolation unit.

23. A recording medium having recorded therein an
interpolation processing program to implement on a com-
puter processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n22) color
components with color information corresponding to a
single color component present at each pixel, said interpo-
lation processing program comprising:

an interpolation value calculation step in which an inter-
polation value including, at least

(1) local average information of the first color compo-
nent with regard to an interpolation target pixel to
undergo interpolation processing and

(2) local curvature information corresponding to at
least two color components with regard to the inter-
polation target pixel, is calculated by using color
information provided at pixels set within a local area
containing the interpolation target pixel.

24. A recording medium having recorded therein an
interpolation processing program to implement on a com-
puter processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n22) color
components with color information corresponding to a
single color component present at each pixel, said interpo-
lation processing program comprising:

an interpolation value calculation step in which an inter-
polation value including, at least

(1) local average information of the first color compo-
nent with regard to an interpolation target pixel to
undergo the interpolation processing; and

(2) local curvature information based upon a color
component other than a color component at the
interpolation target pixel, is calculated by using color
information provided at pixels set within a local area
containing the interpolation target pixel.

25. A recording medium having recorded therein an
interpolation processing program to implement on a com-
puter processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
calorimetric system constituted of first~nth (n=2) color
components with color information corresponding to a
single color component present at each pixel, said interpo-
lation processing program comprising:

an interpolation value calculation step in which an inter-
polation value including, at least

(1) local average information of the first color compo-
nent with regard to an interpolation target pixel to
undergo the interpolation processing, and

(2) local curvature information corresponding to the
first color component with respect to the interpola-
tion target pixel, is calculated by using color infor-
mation provided at pixels set within a local area
containing the interpolation target pixel.
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26. A recording medium having recorded therein an
interpolation processing program to implement on a com-
puter processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
colorimetric system constituted of first~nth (n=2) color
components with color information corresponding to a
single color component present at each pixel, said interpo-
lation processing program comprising:

an interpolation value calculation step in which an inter-
polation value including at least two terms, i.e., a first
term and a second term is calculated by using color
information at pixels set within a local area containing
an interpolation target pixel to undergo interpolation
processing;

a first similarity judgment step in which degrees of
similarity to the interpolation target pixel are judged
along at least two directions in which pixels having
color information corresponding to the first color com-
ponent are connected with the interpolation target
pixel; and

a second similarity judgment step in which degrees of
similarity to the interpolation target pixel are judged
along at least two directions other than the directions
along which the degrees of similarity are judged in said
first similarity judgment step, wherein:

in said interpolation value calculation step, a direction in
which pixels having color information to be used to
calculate said first term are set is selected based upon
results of a judgment made in said first similarity
judgment step and a direction in which pixels having
color information to be used to calculate said second
term are set is selected based upon results of a judgment
made in said second similarity judgment step.

27. A recording medium having recorded therein an
interpolation processing program to implement on a com-
puter processing for determining an interpolation value
equivalent to color information corresponding to a first color
component missing at a pixel, on image data provided in a
calorimetric system constituted of first~nth (n=2) color
components with color information corresponding to a
single color component present at each pixel, said interpo-
lation processing program comprising:

a first term calculation step in which a first term repre-
senting average information of the first color compo-
nent with regard to an interpolation target pixel to
undergo interpolation processing is calculated by using
color information corresponding to a color component
at pixels set within a local area containing the interpo-
lation target pixel;

a second term calculation step in which a second term
representing local curvature information based upon a
color component matching the color component at the
interpolation target pixel is calculated with regard to
the interpolation target pixel by using color information
corresponding to a color component at pixels set within
a local area containing the interpolation target pixel;
and

an interpolation value calculation step in which an inter-
polation value is calculated by adding said second term
multiplied by a weighting coefficient constituted of
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color information corresponding to a plurality of color
components provided at pixels set within a local area
containing the interpolation target pixel to the first
term.

28. A recording medium having recorded therein an
interpolation processing program for implementing on a
computer processing supplementing a color component
value at a pixel at which information corresponding to a
color component is missing, on image data provided in a
colorimetric system constituted of a luminance component
and the color component, with the luminance component
having a higher spatial frequency than the color component
and the luminance component present both at pixels having
information corresponding to the color component and at
pixels lacking information corresponding to the color com-
ponent; said interpolation processing program comprising:

a hue value calculation step in which hue values for a
plurality of pixels near an interpolation target pixel to
undergo interpolation processing and having informa-
tion corresponding to both the luminance component
and the color component are calculated by using lumi-
nance component values and color component values at
the individual pixels;

a hue value interpolation step in which a hue value for the
interpolation target pixel is calculated by using a
median of the hue values at the plurality of pixels
calculated in the hue value calculation step; and

a color conversion step in which a color component value
at the interpolation target pixel is interpolated by using
a value indicated by the luminance component present
at the interpolation target pixel to convert the hue value
of the interpolation target pixel calculated in the hue
value interpolation step to a color component value.
29. A recording medium having recorded therein an
interpolation processing program for implementing on a
computer processing for supplementing a luminance com-
ponent value at a pixel at which information corresponding
to a luminance component is missing and a color component
value at a pixel at which information corresponding to a
color component missing, on image data provided in a
calorimetric system constituted of the luminance component
and the color component, with the luminance component
having a higher spatial frequency than the color component
and information corresponding to either the luminance com-
ponent or the color component present at each pixel, said
interpolation processing program comprising:

a luminance component interpolation step in which a
luminance component value is interpolated for a lumi-
nance component interpolation target pixel to undergo
luminance component interpolation processing by
using at least either “similarity between the luminance
component interpolation target pixel and a pixel near
the luminance component interpolation target pixel” or
“information corresponding to a plurality of color com-
ponents within a local area containing the luminance
component interpolation target pixel”;

a hue value calculation step in which hue values at a
plurality of pixels located near an interpolation target
pixel to undergo color component interpolation pro-
cessing, having color component values and having
luminance component values interpolated in said lumi-
nance component interpolation step are calculated by
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using the luminance component values and color com-
ponent values at the individual pixels;

a hue value interpolation step in which a hue value for the
interpolation target pixel is calculated by using a
median of the hue values at the plurality of pixels
calculated in the hue value calculation step; and

a color conversion step in which a color component value
is interpolated for the interpolation target pixel by using
the luminance component value at the interpolation
target pixel to convert the hue value at the interpolation
target pixel calculated in said hue value interpolation
step to a color component value.

30. An interpolation processing apparatus according to

claim 2, further comprising:

a first similarity judgment section that judges degrees of
similarity to the interpolation target pixel along at least
two directions in which pixels with color information
corresponding to the first color component are con-
nected with the interpolation target pixel; and

a second similarity judgment section that judges degrees
of similarity to the interpolation target pixel along at
least two directions other than the directions in which
the degrees of similarity are judged by said first simi-
larity judgment section, wherein:

said interpolation value calculation section selects a direc-
tion along which pixels having color information to be
used to calculate said local average information of the
first color component are set based upon results of a
judgment made by said first similarity judgment sec-
tion;

(1) said interpolation value calculation section selects a
direction along which pixels having color informa-
tion to be used to calculate said local curvature
information are set based upon results of the judg-
ment made by said first similarity judgment section
if said local curvature information is “local curvature
information constituted of a single color component
and manifesting directionality along a direction in
which degrees of similarity are judged by said first
similarity judgment section”; and

(2) said interpolation value calculation section selects a
direction along which pixels having color informa-
tion to be used to calculate said local curvature
information are set based upon results of a judgment
made by said second similarity judgment section if
said local curvature information is “local curvature
information constituted of a single color component
and manifesting directionality along a direction in
which degrees of similarity are judged by said sec-
ond similarity judgment section.”

31. An interpolation processing apparatus according to
claim 30, wherein:

when image data are provided in a colorimetric system
constituted of first~third color components with the
first color component achieving a higher spatial fre-
quency than the second color component and the third
color component, the first color component set in a
checker-board pattern, the second color component and
the third color component each set in a line sequence
between pixels at which color information correspond-
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ing to the first color component is present and infor-
mation corresponding to the second color component
present at the interpolation target pixel;

said first similarity judgment section calculates similarity
degrees manifested by the interpolation target pixel
along two directions, i.e., a vertical direction and a
horizontal direction, in which pixels with color infor-
mation corresponding to the first color component that
are closest to the interpolation target pixel are con-
nected to the interpolation target pixel and makes a
judgment with regard to degrees of similarity mani-
fested by the interpolation target pixel along the verti-
cal direction and the horizontal direction based upon a
difference between said similarity degrees;

said second similarity judgment section calculates simi-
larity degrees manifested by the interpolation target
pixel along two diagonal directions in which pixels
with color information corresponding to the third color
component that are closest to the interpolation target
pixel are connected to the interpolation target pixel and
makes a judgment with regard to degrees of similarity
manifested by the interpolation target pixel along the
two diagonal directions based upon a difference
between said similarity degrees; and

said interpolation value calculation section selects at least
either the second color component or the first color
component based upon which said “local curvature
information constituted of a single color component
and manifesting directionality along a direction in
which degrees of similarity are judged by said first
similarity judgment section” is provided and selects at
least either the second color component or the third
color component based upon which said “local curva-
ture information constituted of a single color compo-
nent and manifesting directionality along a direction in
which degrees of similarity are judged by said second
similarity judgment section” is provided.

32. An interpolation processing apparatus according to

claim 31, wherein:

when said local curvature information is “local curvature
information based upon a color component other than
the color component at the interpolation target pixel”,
said interpolation value calculation section selects the
first color component or the third color component to
which said local curvature information is to correspond
in conformance to the degrees of similarity judged by
said second similarity judgment section.

33. An interpolation processing apparatus according to
claim 32, wherein:

said interpolation value calculation section calculates
local curvature information based upon the first color
component if said second similarity judgment section
judges that roughly equal degrees of similarity manifest
along the two diagonal directions and calculates local
curvature information based upon the third color com-
ponent if said second similarity judgment section
judges that a higher degree of similarity manifests
along one of the two diagonal directions compared to
the other diagonal direction.
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34. An interpolation processing apparatus according to
claim 31, wherein:

said first similarity judgment section judges that roughly
equal degrees of similarity manifest along the vertical
direction and the horizontal direction if a difference
between the similarity degrees along the vertical direc-
tion and the horizontal direction is smaller than a
specific threshold value; and

said second similarity judgment section judges that
roughly equal degrees of similarity manifest along the
two diagonal directions if a difference between the
similarity degrees along the two diagonal directions is
smaller than a specific threshold value.
35. An interpolation processing apparatus according to
claim 31, wherein:

said first similarity judgment section calculates the simi-
larity degrees along the vertical direction and the
horizontal direction by using color information corre-
sponding to a plurality of color components for a single
interpolation target pixel; and

said second similarity judgment section calculates the

similarity degrees along the two diagonal directions by

using color information corresponding to a plurality of

color components for a single interpolation target pixel.

36. An interpolation processing apparatus according to
claim 35, wherein:

said second similarity judgment section calculates a simi-
larity degree manifesting along each of the two diago-
nal directions through weighted addition of:

(1) a similarity degree component constituted of color
information corresponding to the first color compo-
nent alone;

(2) a similarity degree component constituted of color
information corresponding to the second color com-
ponent alone;

(3) a similarity degree component constituted of color
information corresponding to the third color compo-
nent alone; and

(4) a similarity degree component constituted of color
information corresponding to the second color com-
ponent and the third color component.

37. An interpolation processing apparatus according to
claim 31, wherein:

said first similarity judgment section calculates similarity
degrees along the vertical direction and the horizontal
direction for each pixel and makes a judgment on
similarity manifested by the interpolation target pixel
along the vertical direction and the horizontal direction
based upon differences in similarity degrees manifest-
ing at nearby pixels as well as at the interpolation target
pixel; and

said second similarity judgment section calculates simi-
larity degrees along the two diagonal directions for
each pixel and makes a judgment on similarity mani-
fested by the interpolation target pixel along the two
diagonal directions based upon differences in similarity
degrees manifesting at nearby pixels as well as at the
interpolation target pixel.
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38. An interpolation processing apparatus according to

any one of claim 3, further comprising:

a first similarity judgment section that judges degrees of
similarity to the interpolation target pixel along at least
two directions in which pixels with color information
corresponding to the first color component are con-
nected with the interpolation target pixel; and

a second similarity judgment section that judges degrees
of similarity to the interpolation target pixel along at
least two directions other than the directions in which
the degrees of similarity are judged by said first simi-
larity judgment section, wherein:

said interpolation value calculation section selects a direc-
tion along which pixels having color information to be
used to calculate said local average information of the
first color component are set based upon results of a
judgment made by said first similarity judgment sec-
tion;

(1) said interpolation value calculation section selects a
direction along which pixels having color informa-
tion to be used to calculate said local curvature
information are set based upon results of the judg-
ment made by said first similarity judgment section
if said local curvature information is “local curvature
information constituted of a single color component
and manifesting directionality along a direction in
which degrees of similarity are judged by said first
similarity judgment section”; and

(2) said interpolation value calculation section selects a
direction along which pixels having color informa-
tion to be used to calculate said local curvature
information are set based upon results of a judgment
made by said second similarity judgment section if
said local curvature information is “local curvature
information constituted of a single color component
and manifesting directionality along a direction in
which degrees of similarity are judged by said sec-
ond similarity judgment section.”

39. An interpolation processing apparatus according to

claim 18, wherein:

when the luminance component in the image data corre-
sponds to a green color component and the color
component in the image data corresponds to a red color
component and a blue color component,

said hue value interpolation section calculates a hue value
for the interpolation target pixel by using a median of
hue values containing the red color component at pixels
near the interpolation target pixel if the green color
component is present but the red color component is
missing at the interpolation target pixel and calculates
a hue value for the interpolation target pixel by using a
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median of hue values containing the blue color com-

ponent at pixels near the interpolation target pixel if the

green color component is present but the blue color

component is missing at the interpolation target pixel.

40. An interpolation processing apparatus according to
claim 18, wherein:

when the luminance component in the image data corre-
sponds to a green color component and the color
component in the image data corresponds to a red color
component and a blue color component,

said hue value interpolation section calculates a hue value
for the interpolation target pixel by using a median of
hue values containing the red color component at pixels
set near the interpolation target pixel if the blue color
component is present but the red color component is
missing at the interpolation target pixel.

41. An interpolation processing apparatus according to

claim 18, wherein:

when the luminance component in the image data corre-
sponds to a green color component and the color
component in the image data corresponds to a red color
component and a blue color component,

said hue value interpolation section calculates a hue value
for the interpolation target pixel by using a median of
hue values containing the blue color component at
pixels set near the interpolation target pixel if the red
color component is present but the blue color compo-
nent is missing at the interpolation target pixel.

42. An interpolation processing apparatus according to
claim 18, with a color component missing at the interpola-
tion target pixel present at only one pixel among four pixels
set symmetrically along the vertical direction and the hori-
zontal direction, wherein said hue value interpolation sec-
tion comprises:

a first hue value interpolation unit that calculates a hue
value for the interpolation target pixel by using a
median of hue values at a plurality of diagonally
adjacent pixels if the hue values of the plurality of
diagonally adjacent pixels adjacent to the interpolation
target pixel along diagonal directions have been calcu-
lated by said hue value calculation section; and

a second hue value interpolation unit that calculates a hue
value for the interpolation target pixel by using a
median of hue values at a plurality of vertically and
horizontally adjacent pixels if the hue values of the
plurality of vertically and horizontally adjacent pixels
adjacent to the interpolation target pixel in the vertical
direction and the horizontal direction have been calcu-
lated by said hue value calculation section or said first
hue value interpolation unit.
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