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FIG. 1

(57) Abstract: A camera has a focus detection
sensor that includes a plurality of first focus de-
tection pixels and a plurality of second focus de-
% tection pixels, and that has a plurality of focus
detection pixel pairs each including a first focus
detection pixel and a second focus detection
X pixel, and stores defect information indicating a
defective pixel. The camera corrects a value of
the defective pixel and a value of one of the first
3 focus detection pixel and the second focus de-
tection pixel that forms the focus detection pixel
pair with the defective pixel based on a value of

a focus detection pixel of the same type that is
not the defective pixel. The camera detects fo-
cusing status based on a phase difference be-
tween a first focus detection image obtained
from the first focus detection pixels and a sec-
ond focus detection image obtained from the
second focus detection pixels after the correc-
tion.
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DESCRIPTION
FOCUS DETECTION APPARATUS AND METHOD FOR CONTROLLING

THE SAME

TECHNICAL FIELD
[0001] The present invention relates to a focus
detection apparatus and a method for controlling the

same.

BACKGROUND ART

[0002] Recently, as the performance of focus
detection apparatuses has become higher, many focus
detection apparatuses of a so-called multi-point focus
detection-type have been proposed that can perform
focus detection at many points in a finder. In a focus
detection apparatus that performs multi-point focus
detection using the principle of a phase difference AF,
a method is used in which a pair of focus detection
images corresponding to the respective focus detection
points is obtained to perform a correlation calculation,
and the amount of defocus is calculated from a phase
difference therebetween.

[0003] In this sort of focus detection apparatus,
the number of photoelectric conversion portions for
obtaining focus detection images has increased as the
number of focus detection points increases. Conversely,

it is very difficult to completely eliminate
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manufacturing defects in these photoelectric conversion
portions. Japanese Patent Laid-Open No. 5-56355
discloses a technique for reducing the influence of a
defect by interpolating a defective photoelectric
conversion signal from the nearby signals. Furthermore,
Japanese Patent Laid-Open No. 2001-177756 discloses a
technique for eliminating the influence of a defect by
using, as a focus detection signal, a portion that
contains no defect among closely arranged photoelectric
conversion portions.

[0004] Generally, a focus detection apparatus is
required to be precise at the time of in-focus
operation. Here, “precision at the time of in-focus
operation” refers to the degree of absence of a
difference between an image plane (position having the
highest spatial frequency) of an imaging optical system
and an in-focus position obtained by the focus
detection apparatus.

[0005] However, in the methods described in
Japanese Patent Laid-Open Nos. 5-56355 and 2001-177756,
since a defective pixel in one focus detection image of
a pair of focus detection images is interpolated, the
correlation with the other focus detection image is
lost, and such influences occur in a correlation
calculation using the pair of focus detection images.
Thus, the precision at the time of in-focus operation

may be lowered. In particular, such influences easily
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occur in the case where a defective pixel is positioned
at a characteristic point in an object image, such as

the contour of an object.

DISCLOSURE OF INVENTION
[0006] The present invention provides a focus
detection apparatus that can prevent the precision at
the time of in-focus operation from being lowered even
in the case where there is a defective pixel, and a
method and a program for controlling the same.
[0007] A first aspect of the present invention is
directed to a focus detection apparatus that detects a
focusing status on an image plane obtained using an
imaging optical system, comprising: a focus detection
sensor that includes a plurality of first focus
detection pixels and a plurality of second focus
detection pixels, and that has a plurality of focus
detection pixel pairs each including a first focus
detection pixel and a second focus detection pixel; a
storage means that stores defect information indicating
a defective pixel of the focus detection sensor; a
correction means that corrects a value of the defective
pixel indicated by the defect information and a value
of one of the first focus detection pixel and the
second focus detection pixel that forms the focus
detection pixel pair with the defective pixel based on

a value of a focus detection pixel of a same type that



WO 2010/067693 PCT/JP2009/069519

is not the defective pixel; and a detecting means that
detects the focusing status based on a phase difference
between a first focus detection image obtained from the
first focus detection pixels and a second focus
detection image obtained from the second focus
detection pixels of the plurality of focus detection
pixel pairs after the correction performed by the
correction means.

[0008] Furthermore, a second aspect of the present
invention is directed to a focus detection apparatus
that detects a focusing status on an image plane
obtained using an imaging optical system, comprising: a
focus detection sensor that includes a plurality of
first focus detection pixels and a plurality of second
focus detection pixels, and that has a plurality of
focus detection pixel pairs each including a first
focus detection pixei and a second focus detection
pixel; a storage means that stores defect information
indicating a defective pixel of the focus detection
sensor; an eliminating means that eliminates a value of
the defective pixel indicated by the defect information
and a value of one of the first focus detection pixel
and the second focus detection pixel that forms the
focus detection pixel pair with the defective pixel so
as not to use the values for detecting the focusing
status; and a detecting means that detects the focusing

status based on a phase difference between a first
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focus detection image obtained from the first focus
detection pixels and a second focus detection image
obtained from the second focus detection pixels of the
plurality of focus detection pixel pairs after the
elimination performed by the eliminating means.

[0009] Furthermore, a third aspect of the present
invention is directed to a method for controlling a
focus detection apparatus that includes: a focus
detection sensor that includes a plurality of first
focus detection pixels and a plurality of second focus
detection pixels, and that has a plurality of focus
detection pixel pairs each including a first focus
detection pixel and a second focus detection pixel; and
a storage means that stores defect information
indicating a defective pixel of the focus detection
sensor; and that detects a focusing status on an image
plane obtained using an imaging optical system,
comprising: a correcting step of performing correction
of a value of the defective pixel indicated by the
defect information and a value of one of the first
focus detection pixel and the second focus detection
pixel that forms the focus detection pixel pair with
the defective bixel based on a value of a focus
detection pixel of a same type that is not the
defective pixel; and a detecting step of performing
detection of the focusing status based on a phase

difference between a first focus detection image
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obtained from the first focus detection pixels and a
second focus detection image obtained from the second
focus detection pixels of the plurality of focus
detection pixel pairs after the correction performed in
the correcting step.

[0010] Furthermore, a fourth aspect of the present
invention is directed to a method for controlling a
focus detection apparatus that includes: a focus
detection sensor that includes a plurality of first
focus detection pixels and a plurality of second focus
detection pixels, and that has a plurality of focus
detection pixel pairs each including a first focus
detection pixel and a second focus detection pixel; and
a storage means that stores defect information
indicating a defective pixel of the focus detection
sensor; and that detects a focusing status on an image
plane obtained using an imaging optical system,
comprising: an eliminating step of performing
elimination of a value of the defective pixel indicated
by the defect information and a value of one of the
first focus detection pixel and the second focus
detection pixel that forms the focus detection pixel
pair with the defective pixel so as not to use the
values for detecting the focusing status; and a
detecting step of performing detection of the focusing
status based on a phase difference between a first

focus detection image obtained from the first focus
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detection pixels and a second focus detection image
obtained from the second focus detection pixels of the
plurality of focus detection pixel pairs after the
elimination performed in the eliminating step.

[0011] Further features of the present invention
will become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0012] FIG. 1 is a view schematically showing the
configuration of a camera according to a first
embodiment.
[0013] FIG. 2 is a view exemplifying part of a
region of an image sensor.
[0014] FIG. 3 is a view exemplifying parts of
pixels of the image sensor.
[0015] FIG. 4A is a view illustrating pupil
division of focus detection pixels by exemplifying the
optical paths of light fluxes that have passed through
a pupil region of an imaging lens, and FIG. 4B is a
view illustrating pupil division of focus detection
pixels by exemplifying the optical paths of light
fluxes that have passed through a pupil region of the
imaging lens.
[0016] FIG. 5A is a view illustrating the incident

characteristics on the focus detection pixels via the
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pupil plane, and FIG. 5B is a view illustrating the
incident characteristics on the focus detection pixels
via the pupil plane.

[0017] FIG. 6 is an explanatory view of line
images generated by the focus detection pixel groups.
[0018] FIG. 7 is a flowchart showing the main
process of a camera according to the first embodiment.
[0019] FIG. 8 is a flowchart showing a focus
detection subroutine according to the first embodiment.
[0020] FIG. 9 is a flowchart showing a correlation
calculation subroutine according to the first
embodiment.

[0021] FIG. 10 is a view exemplifying focus
detection images obtained by extracting focus detection
pixels.

[0022] FIG. 11 is a view schematically showing the
state of focus detection images when performing a
correlation calculation according to the first
embodiment.

[0023] FIG. 12 is a view schematically showing the
state of focus detection images when performing a
correlation calculation again in the first embodiment.
[0024] FIG. 13 is a flowchart showing an imaging
subroutine according to the first embodiment.

[0025] FIGS. 14A and 14B are graphs showing focus
detection images and the correlation amount thereof

when initially obtaining the correlation amount in the
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first embodiment, wherein FIG. 14A is a graph showing
the relationship between line images obtained by focus
detection pixel groups and brightness, and FIG. 14B is
a graph showing the correlation amount obtained by
calculation.

[0026] FIGS. 15A and 15B are graphs showing focus
detection images and the correlation amount thereof
when obtaining the correlation amount again in the
first embodiment, wherein FIG. 15A is a graph showing
the relationship between line images obtained by focus
detection pixel groups and line images when obtaining
the correlation amount again, and brightness, and FIG.
15B is a graph showing the correlation amount obtained
by calculation.

[0027] FIGS. 16A and 16B are graphs showing focus
detection images and the correlation amount thereof in
the case where the present invention is not applied,
wherein FIG. 16A is a graph showing the relationship
between line images obtained by focus detection pixel
groups and line images when obtaining the correlation
amount, and brightness, and FIG. 16B is a graph showing
the correlation amount obtained by calculation.

[0028] FIG. 17 is a flowchart showing a
correlation calculation subroutine according to a
second embodiment.

[0029] FIG. 18 is a view schematically showing the

state of focus detection images when performing a
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correlation calculation according to the second
embodiment.

[0030] FIG. 19 is a view schematically showing the
state of focus detection images when performing a
correlation calculation again in the second embodiment.
[0031] FIGS. 20A and 20B are graphs showing focus
detection images and the correlation amount thereof
when initially obtaining the correlation amount in the
second embodiment, wherein FIG. 20A is a graph showing
the relationship between line images obtained by focus
detection pixel groups and brightness, and FIG. 20B is
a graph showing the correlation amount obtained by
calculation.

[0032] FIGS. 21A and 21B are graphs showing focus
detection images and the correlation amount thereof
when obtaining the correlation amount again in the
second embodiment, wherein FIG. 21A is a graph showing
the relationship between line images obtained by focus
detection pixel groups and line images when obtaining
the correlation amount again, and brightness, and FIG.
21B is a graph showing the correlation amount obtained
by calculation.

[0033] FIG. 22 is a view schematically showing the
configuration of a camera according to a third
embodiment.

[0034] FIG. 23 is a view showing the configuration

of a pupil division means according to the third
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embodiment.
[0035] FIG. 24 is a flowchart showing a main

process of the camera according to the third embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION
[0036] Hereinafter, exemplary embodiments of the
present invention will be described with reference to
the accompanying drawings, but the present invention is

not limited to the following embodiments.

[0037]First Embodiment

Hereinafter, a first embodiment will be described
with reference to FIGS. 1 to 16B. FIG. 1 is a cross-
sectional view schematically showing the configuration
of a camera 1 that includes a focus detection apparatus
according to the first embodiment. As shown in FIG. 1,
the camera 1 is a digital still camera in which an
image sensor 10 (imaging element) is disposed on a
plane that is calculated to be an image plane
(hereinafter, referred to as an “image plane”) of an
imaging lens 5 functioning as an imaging optical system.
[0038] The camera 1 includes an ocular 3, a CPU 20,
an image sensor control circuit 21, a memory circuit 22,
an interface circuit 23, and an image-processing
circuit 24. The ocular 3 is an optical lens that is
used by a user to observe an object image incident from

the imaging lens 5. The CPU (central processing unit)
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20 centrally controls the operation of the camera 1.
Furthermore, the CPU 20 also functions as a detecting
means for detecting the focusing status on the imaging
lens 5.

[0039] The image sensor control circuit 21
controls the driving of the image sensor 10 under the
control of the CPU 20. The memory circuit 22 stores
image data or the like imaged by the image sensor 10.
Also, the memory circuit 22 stores in advance
information on the light-receiving distribution of the
image sensor 10, and defect information on a focus
detection sensor (described later) as a defect storage
means.

[0040] The interface circuit 23 is communicably
connected via a connector (not shown) or the like to an
external apparatus, and outputs, for example, image
data, on which image processing has been performed by
the image-processing circuit 24, to the external
apparatus connected thereto. The image-processing
circuit 24 performs predetermined image processing on
image data imaged by the image sensor 10.

[0041] The imaging lens 5.is a lens that can be
attached to and detached from the main body of the
camera 1. In the imaging lens 5, information
transmitted from the CPU 20 of the main body of the
camera 1 via an electric contact point 26 is received

by a lens CPU 50. The information transmitted from the
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CPU 20 is information on the control of the driving of
the imaging lens 5, and, more specifically, is focus
adjustment information for adjusting the focus,
aperture adjustment information for adjusting the
aperture, and the like. A lens drive mechanism 51 is,
for example, an actuator that drives a focus lens. An
aperture drive mechanism 52 is, for example, an
actuator that drives an aperture apparatus 53. The
aperture apparatus 53 adjusts the amount of incident
light using aperture blades or the like.

[0042] The lens CPU 50 drives the lens drive
mechanism 51 based on the focus adjustment information
transmitted from the CPU 20, thereby obtaining in-focus
status of an object image formed on the image sensor 10.
Furthermore, the lens CPU 50 drives the aperture drive
mechanism 52 based on the aperture adjustment
information transmitted from the CPU 20, thereby
narrowing the aperture apparatus 53 to a predetermined
aperture value.

[0043] FIG. 2 is a plan view exemplifying part of
a region of the image sensor 10. In FIG. 2, the
letters “R”, “G”, and “B” indicate the hues of the
color filters of respective pixels in the image sensor
10. The pixel with the letter “R” transmits light with
a red component, the pixel with the letter “G”
transmits light with a green component, and the pixel

with the letter “B” transmits light with a blue
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component. In FIG. 2, the hues “R”, “G”, and “B” are
indicated by hatched patterns. As clearly seen from
the hatched patterns in FIG. 2, the pixels “R”, “G”,
and “B” in the image sensor 10 are arranged according
to a so—~called Bayer array.

[0044] Since the color filters are arranged
according to the Bayer array, one picture element
includes a pixel “R”, a pixel “B”, and two pixels “G”.
Furthermore, in the image sensor 10, a plurality of
focus detection pixels that receive light fluxes that
have passed through part of a pupil region of the
imaging lens 5 are allocated to the parts of pixels
that are to be “R” or “B”. More specifically, pixels
indicated by A and B in FIG. 2 are focus detection
pixels (first focus detection pixels and second focus
detection pixels) for detecting the focusing status on
the imaging lens 5. Furthermore, the focus detection
pixels form a focus detection pixel pair (hereinafter,
referred to as a “pixel pair”) in which a combination
of one A pixel and one B pixel detects a phase
difference. Furthermore, as shown in FIG. 2, a
plurality of such pixel pairs are arranged in a
dispersed manner at a predetermined pitch in the image
sensor 10.

[0045] A detailed configuration of the focus
detection pixels will be described later, but the

openings in the X direction (the horizontal direction
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in FIG. 2) are restricted by first electrodes 131 shown
in FIG. 3. Furthermore, as described later, images of
light fluxes that have passed through mutually
different pupil regions are formed on the focus
detection pixels A and B. Accordingly, the image
sensor 10 functions as a focus detection sensor that
includes parts of the pixels of the imaging lens 5 as
focus detection pixels A and B, and that has a
plurality of such pixel pairs.

[0046] As shown in FIG. 2, in the image sensor 10,
the focus detection pixels indicated by A and B are
arranged adjacent to each other, and the distance
therebetween is made as short as possible. Thus, the
possibility that the focus detection pixels indicated
by A and B capture different patterns of an object
image is suppressed so as to be as low as possible, and
focus detection errors are reduced.

[0047] Furthermore, in the image sensor 10, the
boundary positions in an even-numbered line and in an
odd-numbered line are arranged to match each other, and
the positions of the focus detection pixels indicated
by A and B are inverted. Thus, in the case where an
edge portion of an object image is positioned at the
boundary portion between the focus detection pixels
indicated by A and B, when the phases of images
obtained from the focus detection pixels indicated by A

and B are shifted, the phase shifts simultaneously
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occur. Moreover, the shift amounts in the images
obtained from the focus detection pixels indicated by A
and B are equal to each other, and the directions
thereof are in opposite directions. Thus, in this
embodiment, a correlation calculation is performed
using a set consisting of at least two lines that are
adjacent to each other in a pupil division direction
and in a vertical direction, and, thus, such focus
detection errors cancel each other. This aspect
corresponds to an operation in which an even number is
always designated in the determination of the number of
image pairs described later. Accordingly, focus
detection errors can be reduced.

[0048] FIG. 3 is a view showing a cross-section in
the above-described X direction of parts of the pixels
of the image sensor 10. More specifically, FIG. 3 is a
cross-sectional view of a focus detection pixel in
which the opening in the X direction is restricted and
a pixel in which the opening is not restricted and
light can be received from the entire pupil region. In
FIG. 3, the right pixel is a pixel in which light can
be received from the entire pupil region of the imaging
lens 5. Furthermore, the left focus detection pixel is
a pixel in which the opening in the X direction is
restricted and light fluxes can be received from part
of the pupil region of the imaging lens 5. Here, the

operation in which light fluxes are received from part
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of the pupil region will be described later with
reference to FIGS. 4A and 4B.

[0049] As shown in FIG. 3, in the image sensor 10,
a photoelectric conversion portion 111 is formed in a
silicon substrate 110. In the photoelectric conversion
portion 111, a signal charge that is generated by
performing photoelectric conversion on an object image
is output to the outside via a floating diffusion
portion (not shown), the first electrodes 131, and a
second electrode 132. An inter-layer insulating film
121 is formed between the photoelectric conversion
portion 111 and the first electrodes 131, and an inter-
layer insulating film 122 is formed between the first
electrodes 131 and the second electrode 132.

[0050] Furthermore, on the light-incident side
(the Z direction) of the second electrode 132, an
inter-layer insulating film 123 is formed, and a
passivation film 140 and a planarization layer 150 are
further formed. On the light-incident side of the
planarization layer 150, a color filter layer 151, a
planarization layer 152, and a microlens 153 are formed.
Here, the optical power of the microlens 153 is set
such that the pupil of the imaging lens 5 and the
photoelectric conversion portion 111 are substantially
conjugate. Furthermore, on the imaging plane of the
image sensor 10, the microlens 153 is disposed at the

center of a pixel in a pixel that is positioned at the
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center, and is disposed in a deflected manner toward
the optical axis side of the imaging lens 5 in a pixel
that is positioned on the periphery.

[0051] Object light that has been transmitted
through the imaging lens 5 is condensed near the image
sensor 10. PFurthermore, the light that has reached
each pixel of the image sensor 10 is bent by the
microlens 153 and condensed at the photoelectric
conversion portion 111. In the right pixel shown in
FIG. 3 used for ordinary imaging, the first electrodes
131 and the second electrode 132 are arranged such that
incident light is not blocked.

[0052] On the other hand, in the left focus
detection pixel shown in FIG. 3, part of the first
electrodes 131 is disposed so as to cover the
photoelectric conversion portion 111. As a result, the
focus detection pixel can receive only light fluxes
that have been transmitted through part of the pupil of
the imaging lens 5. Furthermore, since the first
electrodes 131 block parts of incident light fluxes, in
order to prevent the output of the photoelectric
conversion portion 111 from being lowered, a color
filter layer 154 of the focus detection pixel is made
of a highly transmissive resin that does not absorb
light.

[0053] FIGS. 4A and 4B are views showing the

relationship between the cross-sections of the focus
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detection pixels A and B exemplified in FIG. 2 and the
pupil, and show a pupil division means in each focus
detection pixel. FIG. 4A is a view illustrating pupil
division by exemplifying the optical paths of light
fluxes that have passed through a pupil region 16la of
the imaging lens 5, and FIG. 4B is a view illustrating
pupil division by exemplifying the optical paths of
light fluxes that have passed through a pupil region
161b.

[0054] Hereinaftex, the pupil division means will
be described with reference to FIGS. 4A and 4B. 1In
FIGS. 4A and 4B, the left focus detection pixel
corresponds to the focus detection pixel indicated by A
in FIG. 2 (hereinafter, referred to as an “A pixel”),
and the right focus detection pixel corresponds to the
focus detection pixel indicated by B in FIG. 2
(hereinafter, referred to as a “B pixel”). Furthermore,
in FIGS. 4A and 4B, a pupil 160 schematically
represents the pupil of the imaging lens 5, and
photoelectric conversion portions 1llla and 111lb
respectively represent the photoelectric conversion
portions of the A pixel and the B pixel.

[0055] As shown in FIGS. 4A and 4B, the openings
of the A pixel and the B pixel are arranged at
different deflection amounts with respect to the
optical axis of the microlens 153. Thus, as shown in

FIG. 4A, a light flux that has passed through the pupil
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region 16la reaches the photoelectric conversion
portion 11la of the A pixel, but does not reach the
photoelectric conversion portion 111lb of the B pixel.
On the contrary, as shown in FIG. 4B, a light flux that
has passed through the pupil region 16lb reaches the
photoelectric conversion portion 11llb of the B pixel,
but does not reach the photoelectric conversion portion
1l1la of the A pixel.

[0056] As shown in FIGS. 4A and 4B, in the pupil
division means that can obtain a light flux that has
passed through part of the region of the pupil of the
imaging lens 5, a direction that indicates relative
positions of the above-described two regions (the X
direction, in this embodiment) is defined as a pupil
division direction. Furthermore, a direction that is
perpendicular to the pupil division direction in a
plane that is orthogonal to the optical axis is defined
as a vertical direction. Here, in this embodiment, the
image sensor 10 having only focus detection pixels in
which the pupil division direction is present in the X
direction is exemplified, but the image sensor 10 may
also have focus detection pixels in which the pupil
division direction is present in the Y direction.
[0057] FIGS. 5A and 5B are views schematically
showing light fluxes that are incident from the pupil
160 of the imaging lens 5 on the A pixel and the B

pixel, and illustrating the incident characteristics on
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the focus detection pixels via the pupil plane. FIG.
5A exemplifies the relationship between the regions
through which light is incident on the A pixel and the
B pixel and the pupil, and FIG. 5B exemplifies a state
in which the regions through which light is incident on
the A pixel and the B pixel are defined by the pupil.
[0058] In FIGS. 5A and 5B, a pupil region through
which light is incident on the A pixel is denoted by
16la, a pupil region through which light is incident on
the B pixel is denoted by 161lb, and the incident ratio
is indicated by the darkness and lightness.
Accordingly, in FIGS. 5A and 5B, a dark region has a
large amount of light that is incident therein, and a
light region has a small amount of light that is
incident therein. In this manner, the incident ratio
varies from region to region of the pupil, due to
aberration in the microlens, adjustment errors in the
optical power, diffraction of 1light, or the like.
[0059] Furthermore, as shown in FIG. 5A, regions
through which light is incident on the A pixel and the
B pixel are present also outside the pupil 160 of the
imaging lens 5. However, since vignetting actually
occurs at the lens, light in the range defined by the
pupil 160 reaches the image sensor 10 as shown in FIG.
5B.

[0060] FIG. 6 shows a one-dimensional image in the

pupil division direction in which light fluxes from the



WO 2010/067693 PCT/JP2009/069519
- 22 -

regions shown in FIG. 5B are integrated in the pupil
division direction and in the vertical direction, and
corresponds to a distribution graph of line images
(focus detection images) generated by the focus
detection pixel groups. In FIG. 6, a line image
distribution curve 162a shows a line image distribution
(first focus detection image) of the A pixel group, and
a line image distribution curve 162b shows a line image
distribution (second focus detection image) of the B
pixel group.

[0061] As seen from FIG. 6, since the A pixel and
the B pixel have mutually different incident angles, an
image shift in the pupil division direction occurs
between the line image of the A pixel group and the
line image of the B pixel group at the time of
defocusing. Accordingly, when the amount of defocus is
obtained in consideration of the image shift amount and
the line image distributions in FIG. 6, focus detection
using a so-called phase difference can be performed.
[0062] Next, the operation relating to focus
adjustment and an imaging step of the camera 1 will be
described. FIGS. 7 to 9 and 13 are flowcharts
illustrating focus adjustment and an imaging step of
the camera 1. FIG. 7 is a flowchart showing a main
process of the camera 1.

[0063] As shown in FIG. 7, when a user turns on a

main switch (not shown) of the camera 1, the CPU 20
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starts processing (S101). Then, in S102, the CPU 20
performs detection of the initial state such as
confirming the operation of each actuator and the image
sensor 10 in the camera 1, initializes memory contents
and execution programs, and performs an imaging
preparation operation.

[0064] Then, in S103, the CPU 20 judges whether or
not the starting operation of the imaging plane AF of
the image sensor 10 is performed according to the
operation status with an operation switch (not shown)
or the like, and is put on standby until the starting
operation of the imaging plane AF is performed. When
the starting operation of the imaging plane AF is
performed, in S104, the CPU 20 performs a mirror-up
operation and a shutter-opening operation.

[0065] Then, in S105, the CPU 20 drives the image
sensor 10 to start the imaging operation, and reads an
image imaged by the image sensor 10. Accordingly, the
image sensor 10 outputs a low-pixel moving image for
preview.

[0066] Then, in S107, the CPU 20 displays, as a
preview image, a moving image read from the image
sensor 10 on a display (not shown) that is disposed on
the rear face of the camera 1. The user can determine
the composition at the time of imaging, by visually
observing the preview image.

[0067] Then, in S109, the CPU 20 recognizes the
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face of a person using the moving image for preview,
and, in S111, judges whether or not the face of a
person is detected by facial recognition. If a face is
detected from the moving image, the CPU 20 causes the
procedure to proceed to S113 where the focus adjustment
mode is set to a facial AF mode. Here, “facial AF
mode” refers to an AF mode in which a detected face is
focused on.

[0068] On the other hand, if a face is not
detected from the moving image, the CPU 20 causes the
procedure to proceed to S115 where the focus adjustment
mode is set to a multi-point AF mode. Here, “multi-
point AF mode” refers to a mode in which the imaging
region of the image sensor 10 is divided by, for
example, 3x5 = 15, focus detection is performed in each
divided region, a main object is estimated based on the
focus detection results and brightness information for
objects, and the main object is caused to be in-focus.
[0069] After the AF mode is set in S113 or 8115,
in S117, the CPU 20 sets a focus detection region
according to the set AF mode. For example, in the
facial AF mode, the focus detection region is set at
the detected facial region, and, in the multi-point AF
mode, the focus detection region is set to a region
corresponding to the main object.

[0070] Then, in S121, the CPU 20 judges whether or

not an imaging preparation switch (not shown) is turned
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on, and, if the switch is not turned on, the procedure
returns to S105. Accordingly, the camera 1 repeatedly
performs the processing from the driving of the image
sensor 10 in S105 to the determination of the focus
detection region in S117 until the imaging preparation
switch is turned on.

[0071] If the imaging preparation switch is turned
on in 8121, the CPU 20 causes the procedure to proceed
to S131 where a focus detection subroutine is executed.
[0072] FIG. 8 is a flowchart showing a focus
detection subroutine. In the main process, When the
procedure proceeds from S121 to S131 where the focus
detection subroutine is started, as shown in FIG. 8, in
5133, the CPU 20 reads the focus detection pixels
contained in the focus detection region set in S117.
[0073] Then, in 8135, the CPU 20 extracts a focus
detection viewing field image corresponding to the
focus detection region set in S117 from the focus
detection pixels. Then, in S137, the CPU 20 obtains
defect information on a focus detection pixel that is
present in the focus detection viewing field image
extracted in S135 based on the information on defective
pixels checked in advance in a manufacturing step or
the like, from the memory circuit 22 functioning as the
defect storage means. Then, in S139, the CPU 20
executes a correlation calculation subroutine.

[0074] FIG. 9 is a flowchart showing a correlation
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calculation subroutine. When a correlation calculation
subroutine is executed in S139 of the focus detection
subroutine, as shown in FIG. 9, the CPU 20 causes the
procedure to jump to S191. Then, in S193, the CPU 20
performs correction processing (interpolation
processing) on the defective pixel based on the defect
information obtained in S137 of the focus detection
subroutine.

[0075] Then, the CPU 20 performs loop processing
on the image shift amount in S195 to S207. More
specifically, in S197, the CPU 20 corrects
(interpolates) a pixel that opposes the defective pixel
obtained in S137, at a position obtained after the
image shift. More specifically, the value of a pixel
that opposes the defective pixel is interpolated based
on a value of a focus detection pixel of the same type
that is not the defective pixel. Subsequently, in a
viewing field loop in S199 to S203, the CPU 20
calculates the correlation amount in the focus
detection viewing field image. In S201, for example,
an equation shown below is used to calculate the
correlation amount. The interpolation of pixels that
oppose each other described above is the main portion
of the present invention, and, thus, will be described
in detail with reference to FIGS. 10 and 11.

[0076] FIG. 10 is a view exemplifying line images

according to signals obtained by extracting focus
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detection pixels arranged in a discrete manner from
among signals of the image sensor 10 exemplified in FIG.
2. Signals obtained in the ith row and the jth column
of pixels indicated by A and B in FIG. 2 are indicated
as iAj and iBj. In this embodiment, Jj refers to a
pupil division direction, and i refers to a direction
that is orthogonal to the pupil division direction.
[0077] Hereinafter, a description will be given in
the case where there is a defect at 2A7 in FIG. 10. (A
description will be given in the case where calculation
is performed when i = 2 in FIG. 10.)

[0078] Various methods have been proposed as a
method for calculating the correlation amount, but, for
example, in the case where a value obtained by adding
the absolute value of a difference between two images
is defined as the correlation amount, and calculation
is performed, the correlation amount COR (k) is

obtained as in the following equation (1).
nj

when k>0, COR(K)=2 liAj4|x|—iBjl
J

> (1)

nj
when k<0, COR(K)=2. |iAj—iBj+ [kl
J

[0079] In the above equation, i is a value that is
determined according to the focus detection viewing
field. Furthermore, j corresponds to the focus

detection viewing field, and corresponds to the
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correlation calculation subroutine and the viewing
field loop. Furthermore, k refers to the image shift
amount, and corresponds to the image shift loop in the
correlation calculation subroutine. Furthermore, when
the correlation amount is defined as in the equation
above, the correlation amount COR (k) is at a minimum
at an image shift amount (k) at which the correlation
is high.

[0080] FIG. 11 is a view schematically showing the
state of line images when performing a correlation
calculation. In FIG. 11, the parameters are as
follows: 1 =2, j =4, 5, ..., and 9, and k = -2, -1, O,
1, and 2. As clearly seen from FIG. 11, a pixel that
opposes the defective pixel (2A7) changes as follows:
2B5, 2B6, 2B7, 2B8, and then 2B9 for each image shift.
In the present invention, the defective pixel (2A7) and
the pixel that opposes the defective pixel are
interpolated for each image shift. In the present
invention, this method is defined as a method in which
“pairs of pixels that oppose each other are generated”.
As an interpolation method, for example, in the case
where iAj 1is a defective pixel, the following equation

(2) is given.

A=A +iA+1)/2 - v (2)

[0081] Here, the same can be applied to iBj. In

FIG. 11, 2A7 is always defective, and, thus, 2A7 =
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(2A6+2A8) /2 regardless of the image shift amount.
Accordingly, correction is performed in S193 of the
correlation calculation subroutine. Conversely, an
image that opposes the defective pixel changes as
follows: 2B5 = (2B4+2B6)/2 when k = 2 [bit], and 2B6 =
(2B5+2B7) /2 when k = 1 [bit]. Thus, in S197 of the
correlation calculation subroutine, pixels that oppose
the defective pixel 2A7 according to the image shift
amount are sequentially interpolated and given. Here,
as another equation for correction, for example, the

following equations (3) and (4) also can be used.

Aj=G-1A+i+1AD/2 -+ . (3)

iAj=Aj—1+iAj+1 +Fi-1AjFi+1A)/4 - .. (4)

[0082] The equation (2) shows an example of an
equation for performing interpolation in the pupil
division direction, the equation (3) shows an example
of an equation for performing interpolation in a
direction that is perpendicular to the pupil division,
and the equation (4) shows an example of an equation
for performing interpolation in two dimensions. Since
the present invention exhibits characteristics
typically in the timing and the target of interpolation,
any equation for correction may be used.

[0083] Returning to FIG. 9, the subsequent

portions of the correlation calculation subroutine will
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be described. After the loop processing (8199 to S203)
for performing calculation in the focus detection
viewing field, in S205, the CPU 20 stores the
correlation amount with respect to the image shift
amount in a memory such as a RAM. In the loop
processing for the image shift amount in S$195 to S207,
the CPU 20 calculates the correlation amount in a
prescribed image shift range.

[0084] Then, in 8208, the CPU 20 determines a
pixel that opposes the defective pixel in a focus
detection pixel group based on the correlation amount
obtained in the loop in S195 to S207. That is to say,
in S208, before the interpolation in S209 described
below, a pixel in the B pixel group that opposes the
defective pixel in the A pixel group is determined
using the focus detection pixels. More specifically,
according to the definition of the equation (1), when
the correlation is high (two images substantially match
each other), the correlation amount COR is at a minimum,
and, thus, the value of k at which the correlation
amount is at a minimum is obtained. More specifically,
as shown in FIG. 11, a pixel that opposes the defective
pixel 2A7 is selected from among 2B5, 2B6, 2B7, 2BS8,
and 2B9.

[0085] Then, in 5209, the CPU 20 performs
correction processing (interpolation processing) on the

pixel that opposes the defective pixel determined in
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5208. More specifically, a method in the correction
processing is similar to the correction method using
the equations (2) to (4) above. For example, in the
case where the value of k at which the correlation
amount is at a minimum is 1, the pixel 2B6 that opposes
the defective pixel is corrected (interpolated) as
(2B5+2B7) /2 using the equation (2). More specifically,
interpolation is performed based on the values of focus
detection pixels that are of the same type in the B
pixel group and that are not the defective pixel.
[0086] Then, in S211, the CPU 20 performs digital
filter processing. The digital filter in S$211 may be
any filter having an appropriate shape according to a
frequency of interest or the like in the focus
detection. Then, in S213 to S223, the CPU 20 performs
loop processing for the image shift amount that
calculates the correlation amount again using the image
on which correction processing is performed in S$S209.
Here, the image shift amount in S213 to $223 does not
have to be the same as that in S195 to $207, and the
calculation need only be performed using a value that
is close to the value of k at which the correlation
amount is at a minimum in S2009.

[0087] In the loop processing for the image shift
amount, the CPU 20 calculates the correlation amount in
the focus detection viewing field in the viewing field

loop in S215 to S219. More specifically, in S217, the
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CPU 20 calculates the correlation amount according to
the equation (1) and the like. Here, the defective
pixel is corrected in S193 and the pixel that opposes
the defective pixel is corrected in 8209, and, thus,
correction processing is not performed between S215 and
S217.

[0088] FIG. 12 schematically shows a state in
which the correlation amount is calculated again as
described above. FIG. 12 shows the case in which, in
S209, the value of k at which the correlation amount is
at a minimum is 0, and processing is performed assuming
that 2A7 and 2B7 oppose each other. As shown in FIG.
12, 2B7 on which correction processing is performed in
S209 is used for a correlation calculation without
being subjected to correction processing during the
image shift. Then, in 8221, the CPU 20 stores the
correlation amount calculated in the viewing field loop.
[0089] Then, in 8225, the CPU 20 determines the
predicted amount. More specifically, the CPU 20
determines the value of k at which the correlation
between the line image of the A pixel group and the
line image of the B pixel group is at a maximum, based
on the correlation amount obtained in S217. Then, in
52277, the CPU 20 returns the procedure to 8139 of the
focus detection subroutine shown in FIG. 8.

[0090] Returning to FIG. 8, the subsequent

portions of the focus detection subroutine will be
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described. After S139, in S141, the CPU 20 judges the
reliability of the correlation calculation results.
Here, “reliability” refers to the degree of a match
between two images (the line image of the A pixel group
and the line image of the B pixel group), and in the
case where the degree of a match between two images is
high, generally, the reliability of the focus detection
results is high. Thus, in the case where a plurality
of focus detection regions are selected, information
with high reliability is preferentially used based on
the judgment results in S141.

[0091] Then, in 8143, the CPU 20 calculates the
focus shift amount from the detect results with high
reliability in S141. Then, in S145, the CPU 20 returns
the procedure to S151 of the main process shown in FIG.
7.

[0092] Returning to FIG. 7, the subsequent
portions of the main process will be described. 1In
3151, the CPU 20 judges whether or not the focus shift
amount calculated in S143 of FIG. 8 is less than a
preset tolerance, and in-focus status is obtained. If
it is judged that the focus shift amount is the
tolerance or more, and in-focus status is not obtained,
in 8153, the CPU 20 drives the focus lens of the
imaging lens 5, and then returns the procedure to S131.
Accbrdingly, in the camera 1, the processing from S131

to S151 is repeatedly performed until it is judged that
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in-focus status is obtained.

[0093] If it is judged that the focus shift amount
is less than the tolerance, andtin—focus status is
obtained, in S155, the CPU 20 causes a display portion
(not shown) such as an LCD to perform in-focus display
indicating that in-focus status is obtained, and causes
the p;ocedure to proceed to S157.

[0094] Then, in S157, the CPU 20 judges whether or
not an imaging start switch (not shown) is turned on,
and, if the switch is not turned on, the procedure
proceeds to S159. 1In S159, the CPU 20 judges whether
or not the imaging preparation switch is turned on, and
judges whether or not to maintain imaging standby
status. Here, if imaging standby status is to be
maintained, the CPU 20 returns the procedure again to
S157. Furthermore, if imaging standby status is to be
canceled, the CPU 20 returns the procedure to S105
where a preview operation and the like is performed.
[0095] If the imaging start switch is turned on in
S157, the CPU 20 causes the procedure to proceed to
S161 where an imaging subroutine is executed. FIG. 13
is a flowchart showing the imaging subroutine.

[0096] As shown in FIG. 13, if the imaging start
switch is turned on, in S161, the CPU 20 starts the
imaging subroutine process, and, in S163, drives an
aperture for adjusting the amount of light and controls

the opening of a mechanical shutter that regulates the
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exposure time. Here, the shutter may be driven such
that the shutter runs again after the shutter is closed
once, or the shutter may run so that the shutter is
closed after a reset operation is electrically
performed.

[0097] Then, in S165, the CPU 20 reads an image
for imaging a high-pixel still image, that is, reads
all pixels of the image sensor 10. Then, in S167, the
CPU 20 interpolates a defective pixel of the read image
signal. Output of the focus detection pixel in the
image sensor 10 does not have RGB color information for
imaging, and corresponds to a defective pixel when
obtaining a still image. Accordiﬁgly, in the
interpolation of a defective pixel, interpolation is
performed from information on imaging pixels having RGB
color information positioned around the focus detection
pixel, and, thus, an image signal corresponding to the
focus detection pixel is generated.

[0098] Then, in S169, the CPU 20 performs image
processing such as y-correction of an image or edge
enhancement, and, in S171, stores the image obtained by
imaging in a storage medium (not shown) such as a
semiconductor memory. Then, in S173, the CPU 20
displays the image obtained by imaging on the above-
described display portion, and, in S175, returns the
procedure to the main process shown in FIG. 7. As

shown in FIG. 7, when the procedure returns from the
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imaging subroutine, in S181, the CPU 20 ends the series
of imaging operations.

[0099] Here, the effect obtained by the above-
described processing will be described with reference
to FIGS. 14A to 16B. Here, FIG. 14A is a graph showing
the relationship between line images obtained by focus
detection pixel groups and brightness. FIG. 14B is a
graph showing the correlation amount obtained by
calculation using the signals of the focus detection
pixel groups exemplified in FIG. 14A. Here, in FIG.
14A, the horizontal axis indicates the position of a
focus detection pixel, and the vertical axis indicates
brightness. That is to say, the example of FIG. 14A
exemplifies the case in which there is an object having
high brightness near the center, and the surrounding
portions are dark. In the case where the focus
detection pixels have no defect, the same signal is
allocated both to the A image and the B image, but, in
the example of FIG. 14A, a signal for one pixel of the
A image is missing due to a defect. At that time, if
there are none missing, the correlation amount is at a
minimum when the image shift amount = 0 bit.

[0100] In this embodiment, signals as shown in FIG.
14A are obtained in the case where there is an object
that is in-focus and that has high brightness at the
center, and the surrounding portions are dark. The

influence of a defective pixel on focus detection
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varies depending on the positional relationship between
the defect and the object, but, as a case in which the
influence of the defect is greatest, FIG. 14A
exemplifies the case in which an edge portion of the
central object having high brightness and a defective
pixel overlap each other. On the contrary, even if a
defect such as a blocked up shadow is present at a dark
position, there is no influence on focus detection.
[0101] In FIG. 14B, the horizontal axis indicates
the image shift amount (corresponding to k described
above), and the vertical axis indicates the correlation
amount obtained based on the equation (1) and the
equation (2) described above. In the above-described
flowchart, the correlation amount is obtained in 8195
to S207 shown in FIG. 9. In FIG. 14B, the correlation
amount (COR) is at a minimum when the image shift
amount = 0 bit. As described above, in this embodiment,
in the focus detection pixels, a pair of a defective
pixel and a pixel that opposes the defective pixel are
respectively interpolated from the nearby pixels using
the equation (2).

[0102] Accordingly, in this embodiment, if there
is no noise at a position where images match each other
(0 bit in the example in FIGS. 14A and 14B), the
correlation amount = 0 (i.e., the correlation is high) .
At this position, the A image and the B image obtained

by the focus detection pixel groups match each other,
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and it i1s judged that the correlation is highest. In
the above-described flowchart, the operation that
determines a position at which the correlation is at a
maximum, and determines a defective pixel and a pixel
that opposes the defective pixel is performed in S208.
[0103] FIG. 15A is a graph showing the
relationship between line images obtained by focus
detection pixel groups, and line images on which
digital filter processing has been performed after
correction of a defective pixel and a pixel that
opposes the defective pixel in S209. FIG. 15B is a
graph showing the correlation amount obtained by
calculation using the signals of the focus detection
pixel groups exemplified in FIG. 15A. Here, in FIG.
15A, the horizontal axis indicates the position of a
focus detection pixel, and the vertical axis indicates
brightness. Since the correction processing on a
defective pixel and a pixel that opposes the defective
pixel for both the A image and the B image is completed
in S209, as shown in FIG. 15A, two line images
completely match each other.

[0104] In FIG. 15B, the horizontal axis indicates
the image shift amount (corresponding to k described
above), and the vertical axis indicates the correlation
amount (COR) obtained based on the equation (1) and the
equation (2) described above. As shown in FIG. 15A,

line images, which form a pair, completely match each
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other, and, thus, in the graph shown in FIG. 15B, the
correlation amount is at a minimum (i.e., the
correlation is high) when the image shift amount = 0
bit. Accordingly, the image shift amount at which the
COR is at a minimum in the graph is finally selected as
the predicted amount at the time of focus detection.
[0105] Here, FIGS. 16A and 16B show the results of
interpolation processing only on a defective pixel of a
focus detection pixel group in order to more clearly
show the effect obtained by calculating the correlation
amount again after interpolation of a defective pixel
and a pixel that opposes the defective pixel of a focus
detection pixel group. FIG. 16A is a graph showing the
relationship between line images obtained by focus
detection pixel groups and line images on which digital
filter processing has been performed after correction
of only a defective pixel, and brightness. FIG. 16B is
a graph showing the correlation amount obtained by
calculation using the signals of the focus detection
pixel groups exemplified in FIG. 16A.

[0106] As shown in FIG. 16A, in the case where
interpolation processing is performed only on a
defective pixel, line images, which form a pair, do not
match each other. Thus, as shown in FIG. 16B, the
graph curve showing the correlation amount is
asymmetric, and the bottom of the shape is not

completely lowered. Accordingly, in the case where
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this sort of correlation amount is obtained, as shown
in FIG. 16B, the wvalue of k at which COR (k) is at a
minimum (COR = 0) is estimated, for example, using a
method in which tangent lines from both sides of the
point of inflection of the graph are extended. Here,
the method for estimating the value of k may be a
method in which the local minimum value is obtained
using an appropriate function for approximation to the
curve of a graph of the correlation amount.

[0107] However, in the case of k obtained in the
above-described estimation, k = 0 is not obtained
although an image is in-focus. That is to say, even
when an image is in-focus, it may be judged that the
image is out-of-focus, and erroneous focus detection
may be performed, and, as a result, an out-of-focus
image obtained by imaging in which the image is out-of-
focus is acquired. However, in this embodiment, the
influence of a defective pixel contained in a focus
detection pixel group can be reduced by performing the
processing on a defect regarding focus detection pixel
groups according to the above-described simple
algorithm (flow). Accordingly, the camera 1 can
provide a user with an accurate in-focus image obtained
by imaging. Furthermore, since a defective pixel in a
focus detection pixel group in the image sensor 10 can
be allowed, the yield of the image sensor 10 increases,

and the cost can be reduced.
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[0108] Second Embodiment

FIGS. 17 to 21B are views illustrating a second
embodiment. Hereinafter, the second embodiment will be
described with reference to these drawings. Here, this
embodiment is similar to the first embodiment except
for the calculation of a correlation, and, thus, a
description of constituent elements similar to those in
the first embodiment, such as the configuration of the
camera 1, is omitted, and only constituent elements
different from those in the first embodiment will be
described.
[0109] In this embodiment, the main process is as
shown in FIG. 7, the focus detection subroutine is as
shown in FIG. 8, and the imaging subroutine is as shown
in FIG. 13. A correlation calculation subroutine
different from that in the first embodiment is shown in
FIG. 17.
[0110] As shown in FIG. 17, the second embodiment
is different from the first embodiment in that, in
S193a, elimination processing is performed on a
defective portion (defective pixel) in a focus
detection pixel group based on the defect information
obtained in S137 of the focus detection subroutine.
Here, “elimination processing” refers to an operation
that eliminates a defective portion before performing

calculation so as not to use the defective portion for
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detecting the focusing status. Here, a specific
processing method will be described later.

[0111] Furthermore, S$195 to S207 form a processing
loop for the image shift amount. In S197a, elimination
processing is performed that eliminates a pixel that
opposes the defective pixel based on the defect
information obtained in S137 of the focus detection
subroutine, so as not to use the pixel for detecting
the focusing status, at a position obtained after the
image shift.

[0112] FIG. 18 is a view schematically showing the
state of the A image and the B image that are focus
detection images obtained by the focus detection pixel
groups when performing a correlation calculation. FIG.
18 shows a state after elimination processing on a
defective pixel. 1In FIG. 18, in order to clearly show
pixels eliminated from the calculation as a result of
elimination processing, eliminated pixels are indicated
on the right.

[0113] As clearly seen from FIG. 18, a pixel that
opposes the defective pixel 2A7 changes as follows: 2B5,
2B6, 2B7, 2B8, and then 2B9 for each image shift. 1In
this embodiment, the defective pixel 2A7 and a pixel
that opposes the defective pixel are eliminated for
each image shift, and, thus, the influence thereof on
the correlation calculation is prevented. In the

present invention, this method is defined as a method
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in which “focus detection images are generated in which
a pair of a defective pixel and a pixel that opposes
the defective pixel is eliminated”.

[0114] In FIG. 18, 2A7 is always defective, and,
thus, the A image is processed such that this pixel is
eliminated regardless of the image shift amount, and
276 1s disposed‘directly before 2A8. Thus, elimination
processing is performed in S193a of the correlation
calculation subroutine.

[0115] Conversely, an image that opposes the
defective pixel is 2B5 when k = 2 [bit], and, thus, the
B image is processed such that 2B4 is disposed directly
before 2B6. Furthermore, an image that opposes the
defective pixel is 2B6 when k = 1 [bit], and, thus, the
B image is processed such that 2B5 is disposed directly
before 2B7. That is to say, the processing method for
the B image varies depending on the image shift. Thus,
in the elimination processing in S1%27a of the
correlation calculation subroutine, a pixel that
opposes the defective pixel 2A7 according to the image
shift amount is eliminated, and, thus, the B image is
provided.

[0116] As in the first embodiment, S199 to S$203 of
the correlation calculation subroutine form a viewing
field loop that performs calculation in the focus
detection viewing field. Furthermore, in 8205, the

correlation amount with respect to the image shift
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amount is stored in a memory. In the loop processing
for the image shift amount in S195 to S207, calculation
of the correlation amount in a prescribed image shift
range is performed.

[0117] As in the first embodiment, in S208, based
on the correlation amount obtained in the loop in S195
to 8207, a pixel that opposes the defective pixel in a
focus detection pixel group i1s determined before
elimination in S20%a, which will be described later.
More specifically, according to the definition of the
equation (1), when the correlation is high (two images
substantially match each other), the correlation amount
COR is at a minimum, and, thus, the vaiue of k at which
the correlation amount is at a minimum is obtained.

For example, a pixel that opposes the defective pixel
2A7 is selected from among 2B5, 2B6, 2B7, 2B8, and 2B9.
Then, in S$20%a, the CPU 20 eliminates the pixel
determined in S208.

[0118] The processing in S211 and thereafter
performed by the CPU 20 is similar to that in the first
embodiment. More specifically, in S211, digital filter
processing is performed. The digital filter in S211
may be any filter having an appropriate shape according
to a frequency of interest or the like in the focus
detection. Then, S213 to S223 form an image shift loop
that calculates the correlation amount again using the

image in which a pixel that opposes the defective pixel
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is eliminated in S20%a. Here, the image shift amount
in S213 does not have to be the same as that in S195,
and the calculation need only be performed using a
value that is close to the value of k at which the
correlation amount is at a minimum in S209a.

[0119] In the viewing field loop in S215 to S219,
the correlation amount is calculated in the focus
detection viewing field. The defective pixel is
eliminated in S193a and the pixel that opposes the
defective pixel is eliminated in S$209a, and, thus,
elimination processing is not performed between $215
and S217.

[0120] FIG. 19 schématically shows a state in
which the correlation amount is calculated again as
described above. FIG. 19 shows the case in which, in
S209a, the value of k at which the correlation amount
is at a minimum is 0, and processing is performed
assuming that 2A7 and 2B7 oppose each other. As shown
in FIG. 19, 2B7 is eliminated in S209%a, and is not used
when calculating the correlation amount again. The
correlation amount calculated in the viewing field loop
is stored in S221, and the predicted amount is
determined in S225. More specifically, based on the
correlation amount obtained in S217, the value of k at
which the correlation between the line image of the A
pixel group and the line image of the B pixel group is

at a maximum is determined. Then, in 8227, the
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procedure returns to S139 of the focus detection
subroutine shown in FIG. 8.

[0121] Here, the effect obtained by the above-
described processing will be described with reference
to FIGS. 20A and 20B, and 21A and 21B. Here, signals
from focus detection pixel groups for an object, the
brightness thereof, the position of a defective pixel,
and the like are the same as those in the first
embodiment exemplified in FIGS. 14A and 14B. FIGS. 20A
and 20B are graphs showing focus detection images and
the correlation amount thereof when initially obtaining
the correlation amount, wherein FIG. 20A is a graph
showing the relationship between line images obtained
by focus detection pixel groups and brightness after
elimination processing. Furthermore, FIG. 20B is a
graph showing the correlation amount obtained by
calculation using the signals of the focus detection
pixel groups exemplified in FIG. 20A. Here, in FIG.
20A, the horizontal axis indicates the position of a
focus detection pixel, and the vertical axis indicates
brightness.

[0122] The signals based on which FIG. 204 is
formed are signals in which only the A image has a
defect at a position where the brightness of an object
changes as shown in FIG. 14A. Conversely, the signals
shown in FIG. 20A are signals in which elimination

processing has been performed at a position where two
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images are correctly superimposed on each other.
Accordingly, when portions having high brightness are
compared in FIG. 14A and FIG. 20A, the portion in FIG.
20A is shorter than the other due to elimination
processing. Furthermore, as shown in FIG. 20A, since a
defective pixel and a pixel that opposes the defective
pixel are eliminated, when images are correctly
superimposed on each other, signals of other pixels
completely match each other, and the correlation
between the two images is calculated to be high.

[0123] In FIG. 20B, the horizontal axis indicates
the image shift amount, and the vertical axis indicates
the correlation amount obtained based on the equation
(1) described above. 1In the above-described flowchart,
the correlation amount is obtained in S195 to S207
shown in FIG. 17. In FIG. 20B, the correlation amount
(COR) is at a minimum when the image shift amount = 0
bit. Furthermore, in this embodiment, image signals
from a pair of a defective pixel and a pixel that
opposes the defective pixel of a focus detection pixel
group are eliminated so as not to be used, and the
correlation amount for the focus detection images after
elimination is calculated.

[0124] Accordingly, in this embodiment, if there
is no noise at a position where images match each other
(0 bit in the example in FIG. 20B), the correlation

amount = 0 (i.e., the correlation is high). At this
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position, the A image and the B image obtained by the
focus detection pixel groups completely match each
other, and it is judged that the correlation is highest.
In the above-described flowchart, the operation that
determines a position at which the correlation is at a
maximum, and determines a defective pixel and a pixel
that opposes the defective pixel is performed in S209a.
[0125] FIG. 21A is a graph showing the
relationship between line images obtained by focus
detection pixel groups and line images on which digital
filter processing has been performed after a defective
pixel and a pixel that opposes the defective pixel are
eliminated in S209a, and brightness. FIG. 21B is a
graph showing the correlation amount obtained by
calculation using the signals of the focus detection
pixel groups exemplified in FIG. 21A. Here, in FIG.
21A, the horizontal axis indicates the position of a
focus detection pixel, and the vertical axis indicates
brightness. Since the elimination processing on a
defective pixel and a pixel that opposes the defective
pixel for both the A image and the B image is completed
in S209a, as shown in FIG. 21A, two line images
completely match each other.

[0126] In FIG. 21B, the horizontal axis indicates
the image shift amount, and the vertical axis indicates
the correlation amount obtained based on the equation

(1) described above. As shown in FIG. 21A, line images,
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which form a pair, completely match each other, and,
thus, in the graph shown in FIG. 21B, the correlation
amount is at a minimum (i.e., the correlation is high)
when the image shift amount = 0 bit. Accordingly, the
image shift amount at which the correlation amount COR
is at a minimum in the graph is finally selected as the
predicted amount at the time of focus detection.

[0127] In this embodiment, the influence of a
defective pixel contained in a focus detection pixel
group can be reduced by performing the processing on a
defect (elimination processing) regarding focus
detection pixel groups according to the above-described
simple algorithm (flow). Accordingly, the camera 1 can
provide a user with an accurate in-focus image obtained
by imaging. Furthermore, a defective pixel can be
allowed in focus detection pixel groups in the image
sensor 10, and, thus, the yield of the image sensor 10

increases, and the cost can be reduced.

[0128] Third Embodiment

FIGS. 22 to 24 are views illustrating a third
embodiment. Hereinafter, the third embodiment will be
described with reference to these drawings. Here, in
this embodiment, a description of constituent elements
similar to those in the first or the second embodiment
described above is omitted.

[0129] FIG. 22 is a view schematically showing the
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configuration of a camera la including a focus
detection apparatus according to the third embodiment.
As shown in FIG. 22, the camera la is a digital still
camera in which the image sensor 10 (imaging element)
is disposed on an image plane of the imaging lens 5.
Here, the electric configuration, such as a process
circuit including a defect storage means that stores
defect information on a focus detection sensor 205, is
similar to that in the first embodiment, and, thus, a
description thereof is omitted in this embodiment.
[0130] In the camera la, in a state where a user
determines the composition, the optical path of light
that is incident from the imaging lens 5 is re-directed
by a quick return mirror 200, and light fluxes are
guided to the ocular 3 for observing an object image.
Here, the quick return mirror 200 is a semi-reflecting
face, and light fluxes other than the light fluxes
guided to the ocular 3 are guided to the focus
detection sensor 205. The focus detection sensor 205
includes a pupil division means that forms images of a
pair of light fluxes that have passed through mutually
different pupil regions of the imaging optical system,
a first area on which an image of one of the pair of
light fluxes is formed, and a second area on which an
image of the other light flux of the pair of light
fluxes is formed.

[0131] Here, the pupil division means in the
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camera la will be described with reference to FIGS. 22
and 23. As shown in FIG. 23, the pupil division means
in the focus detection sensor 205 includes a field lens
201, a viewing field mask 202, a pupilil division mask
203, and two-dimensional image lenses 204a and 204b.
The viewing field mask 202 is disposed near the image
plane of the imaging lens 5, and defines the focus
detection range. The pupil division mask 203 having
aperture openings 203a and 203b is disposed on the side
closer to the imaging lens 5 than the two-dimensional
image lenses 204a and 204b. The aperture openings 203a
and 203b regulate the light fluxes that are incident on
the two-dimensional image lenses 204a and 204b. The
pupil division mask 203 is positioned such that an
image is formed substantially at the exit pupil of the
imaging lens 5 due to the optical power of the field
lens 201.

[0132] The pair of two-dimensional image lenses
204a and 204b form object images in the region
determined by the viewing field mask 202, on a light-
receiving area 206a functioning as a first area and a
light-receiving area 206b functioning as a second area
of the focus detection sensor 205. On the light-
receiving areas 206a and 206b of the focus detection
sensor 205, electric charge subjected to photoelectric
conversion by the object image is read as an eiectrical

signal and used for focus detection calculation using a
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phase difference. Accordingly, in the camera la, an
appropriate lens position is calculated based on the
electrical signal obtained from the light-receiving
areas 206a and 206b, and, thus, the amount of defocus
according to the focus detection viewing field can be
obtained.

[0133] FIG. 24 is a flowchart showing the main
process of the camera la. Here, the focus detection
subroutine and the imaging subroutine are executed
according to the flowcharts in FIGS. 10 and 11
exemplified in the first embodiment. Furthermore, in
the flowchart shown in FIG. 24, constituent elements
that perform the same operation as that in the first
embodiment are denoted by the same reference numerals.
Hereinafter, aspects different from those in the first
embodiment will be described.

[0134] As shown in FIG. 24, this embodiment is
different from the first embodiment in that the main
process does not include S103 and S104. In this
embodiment, light fluxes are guided via a semi-
transmissive quick return mirror to a so-called two-
dimensional image optical system for guiding object
images to the focus detection sensor 205, and, thus,
the mirror-up operation or the shutter-opening
operation are not necessary. Furthermore, in S163 of
the imaging subroutine, the operation is performed in

which the shutter is closed and then runs in the first
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embodiment. Conversely, in this embodiment, since the
shutter is closed when the procedure reaches S163, a
shutter-running operation similar to that in a
conventional silver halide camera may be performed.
Here, the other operations are the same as those in the
first embodiment.

[0135] Here, the focus detection sensor 205
exemplified in FIG. 23 may be a so-called area sensor
in which the light-receiving areas 206a and 206b spread
out two-dimensionally, or a so-called line sensor in
which a plurality of lines for obtaining a pair of
images are provided. The present invention can be
easily applied to this sort of sensor. More
specifically, in S133, signals of the focus detection
sensor 205 for performing focus detection need only be
read, and the following operation may be similar to
that in the first embodiment.

[0136] According to this embodiment, the influence
of a defective pixel contained in the focus detection
sensor 205 can be reduced by performing processing on a
defective pixel of the focus detection sensor 205
according to the above-described simple algorithm
(flow). Accordingly, the camera la can provide a user
with an accurate in-focus image obtained by imaging.
Furthermore, since a defective pixel in the imaging
lens 5 can be allowed, the yield of the imaging lens 5

increases, and the cost can be reduced.
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[0137] Note that the description in the foregoing
embodiments is merely exemplary, and the present
invention is not limited thereto. Appropriate changes
can be made to the configurations and operations in the
embodiments described above.

[0138] For example, in the foregoing embodiments,
the case is exemplified in which there is a defective
pixel in the A image of the focus detection pixel
groups, but it will be appreciated that similar
processing is performed also in the case where there is
a defective pixel in the B image. Furthermore, similar
processing is performed also in the case where there is
a defective pixel in both the A image and the B image

of the focus detection pixel groups.

[0139]0Other Embodiments

Aspects of the present invention can also be
realized by a computer of a system or apparatus (or
devices such as a CPU or MPU) that reads out and
executes a program recorded on a memory device to
perform the functions of the above-described
embodiments, and by a method, the steps of which are
performed by a computer of a system or apparatus by,
for example, reading out and executing a program
recorded on a memory device to perform the functions of
the above-described embodiments. For this purpose, the

program is provided to the computer for example via a
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network or from a recording medium of various types
serving as the memory device (e.d., computer-readable
medium) .

[0140] While the present invention has been
described with reference to exemplary embodiments, it
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.
[0141] This application claims the benefit of
Japanese Patent Application No.2008-315027, filed
December 10, 2008, which is hereby incorporated by

reference herein in its entirety.
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CLAIMS
1. A focus detection apparatus that detects a
focusing status on an image plane obtained using an
imaging optical system, comprising:

a focus detection sensor that includes a
plurality of first focus detection pixels and a
plurality of second focus detection pixels, and that
has a plurality of focus detection pixel pairs each
including a first focus detection pixel and a second
focus detection pixel;

a storage means that stores defect information
indicating a defective pixel of the focus detection
sensor;

a correction means that corrects a value of the
defective pixel indicated by the defect information and
a value of one of the first focus detection pixel and
the second focus detection pixel that forms the focus
detection pixel pair with the defective pixel based on
a value of a focus detection pixel of a same type that
is not the defective pixel; and

a detecting means that detects the focusing
status based on a phase difference between a first
focus detection image obtained from the first focus
detection pixels and a second focus detection image
obtained from the second focus detection pixels of the
plurality of focus detection pixel pairs after the

correction performed by the correction means.
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2. The focus detection apparatus according to claim
1, wherein the correction means determines one of the
first focus detection pixel and the second focus
detection pixel that forms the focus detection pixel
pair with the defective pixel based on correlation
between the first focus detection image and the second
focus detection image obtained from the plurality of

focus detection pixel pairs before the correction.

3. A focus detection apparatus that detects a
focusing status on an image plane obtained using an
imaging optical system, comprising:

a focus detection sensor that includes a
plurality of first focus detection pixels and a
plurality of second focus detection pixels, and that
has a plurality of focus detection pixel pairs each
including a first focus detection pixel and a second
focus detection pixel;

a storage means that stores defect information
indicating a defective pixel of the focus detection
Sensor;

an eliminating means that eliminates a value of
the defective pixel indicated by the defect information
and a value of one of the first focus detection pixel
and the second focus detection pixel that forms the

focus detection pixel pair with the defective pixel so
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as not to use the values for detecting the focusing
status; and

a detecting means that detects the focusing
status based on a phase difference between a first
focus detection image obtained from the first focus
detection pixels and a second focus detection image
obtained from the second focus detection pixels of the
plurality of focus detection pixel pairs after the

elimination performed by the eliminating means.

4. The focus detection apparatus according to claim
3, wherein the eliminating means determines one of the
first focus detection pixel and the second focus
detection pixel that forms the focus detection pixel
pair with the defective pixel based on correlation
between the first focus detection image and the second
focus detection image obtained from the plurality of

focus detection pixel pairs before the elimination.

5. The focus detection apparatus according to claim
1, wherein the plurality of focus detection pixel pairs
are arranged in a dispersed manner at a predetermined
pitch on an imaging element that is disposed on the
image plane including a plurality of pixels that

photoelectrically convert an object image.

6. The focus detection apparatus according to claim
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1,

wherein the focus detection sensor includes a
pupil division means that forms images of a pair of
light fluxes that have passed through mutually
different pupil regions of the imaging optical system,
a first area on which an image of one of the pair of
light fluxes is formed, and a second area on which an
image of another light flux of the pair of light fluxes
is formed, and

the plurality of first focus detection pixels are
arranged in the first area, and the plurality of second

focus detection pixels are arranged in the second area.

7. A method for controlling a focus detection
apparatus that includes: a focus detection sensor that
includes a plurality of first focus detection pixels
and a plurality of second focus detection pixels, and
that has a plurality of focus detection pixel pairs
each includiﬁg a first focus detection pixel and a
second focus detection pixel; and a storage means that
stores defect information indicating a defective pixel
of the focus detection sensor; and that detects a
focusing status on an image plane obtained using an
imaging optical system, comprising:

a correcting step of performing correction of a
value of the defective pixel indicated by the defect

information and a value of one of the first focus
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detection pixel and the second focus detection pixel
that forms the focus detection pixel pair with the
defective pixel based on a value of a focus detection
pixel of a same type that is not the defective pixel;
and

a detecting step of performing detection of the
focusing status based on a phase difference between a
first focus detection image obtained from the first
focus detection pixels and a second focus detection
image obtained from the second focus detection pixels
of the plurality of focus detection pixel pairs after

the correction performed in the correcting step.

8. A method for controlling a focus detection
apparatus that includes: a focus detection sensor that
includes a plurality of first focus detection pixels
and a plurality of second focus detection pixels, and
that has a plurality of focus detection pixel pairs
each including a first focus detection pixel and a
second focus detection pixel; and a storage means that
stores defect information indicating a defective pixel
of the focus detection sensor; and that detects a
focusing status on an image plane obtained using an
imaging optical system, comprising:

an eliminating step of performing elimination of
a value of the defective pixel indicated by the defect

information and a value of one of the first focus
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detection pixel and the second focus detection pixel
that forms the focus detection pixel pair with the
defective pixel so as not to use the values for
detecting the focusing status; and

a detecting step of performing detection of the
focusing status based on a phase difference between a
first focus detection image obtained from the first
focus detection pixels and a second focus detection
image obtained from the second focus detection pixels
of the plurality of focus detection pixel pairs after

the elimination performed in the eliminating step.
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