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(57) Abstract: An automatic focusing apparatus includes a position detecting unit for a focus unit, a driving unit for the focus
unit, a focus detecting unit using a phase difference method, a contrast acquiring unit for picking up an image of object, and a fo-
cusing determining unit based on a contrast, a cyclic pattern determining unit for an object based on focus information obtained
by the focusing detecting unit, a target position setting unit for driving of the focus unit, and a focusing direction determining unit,
and, when the object has a cyclic pattern, the apparatus determines a direction of an in-focus point, sets a target position in the de-
termined direction of the in-focus point, drives the focus unit toward the target position, and determines whether or not in-focus
state is achieved by using the focusing determining unit.
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DESCRIPTION
AUTOMATIC FOCUSING APPARATUS

Technical Field

The present invention relates to an automatic focusing
apparatus for picking up of an image of an object.
Background Art |

Conventionally, as automatic focusing (AF) technologies
in image pickup apparatus such as cameras and video
cameras, various proposals have been made. For example,
there is proposed phase difference autofocus using a

through the lens (TTL) method in which a separating

unit is provided'in'an optical path in an imaging

optical system, and a focusing state is detected using
a separated beam to perform autofocus control. 1In
addition, there is also proposed external ranging
autofocus using a non-TTL method in which a beam which
does not enter nor pass through the imaging optical
system'is used. Further, there is proposed image
autofocus using so-called hill climbing method in which
an image signal output from an image pickup element is
used to compute a focus evaluating value. Further,
there is proposed a hybrid autofocus system in which
the image autofocus is combined with the phase _
difference autofocus or the external ranging autofocus.
In focus detecting apparatus using the TTL method such
as the phase difference autofocus or the non-TTL method
such as the external ranging autofocus, a phase
difference is determined by performing correlation
computation using an image signal output from the focus
detecting apparatus. In this case, a true focusing
point is determined using a degree of coincidence
between two images as a correlated evaluating value.

In general, a_defdcus amount with respect to a focusing

proposed point is determined based on a phase
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[0004]

[0005]

[0006]

difference with which the correlated evaluating value
takes an extreme and maximum value. However, in a case
where data obtained from the focus detecting apparatus
has a cyclic pattern, multiple focusing proposed points
that have substantially identical correlated evaluating
values are computed when focus detecting computation is
performed. Consequently} it has been difficult to
obtain a true focusing target position.

Patent Literature 1 proposes a method in which, when an
object having a cyclic pattern is detected, a point
where a contrast value of data output from a phase
difference sensor takes a maximum value is assumed to
be a true focusing point, and individual focusing
proposed points are searched for the true focusing
point. In addition, in each of the hybrid autofocus
systems of Patent Literatures 2, 3 and 4, there is
proposed a method involving searching for the focusing
point at which contrast takes a maximum value by using
only the image autofocus for an object having the
cyclic pattern.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-open No. S63-
262611

PTL 2: Japanese Patent Application Laid-Open No. 2006-
301150

PTL 3: Japanese Patent Application Laid-Open No. 2007-
264299

PTL 4: Japanese Patent Application Laid-Open No. 2009-
063921

Summary of Invention

Technical Problem

However, each of the methods proposed in Patent
Literatures 1, 2, 3 and 4 is a method involving
searching for the final focusing point by using so-

called hill climbing method using a contrast evaluating
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value, and it is therefore difficult to quickly achieve
an in-focus condition. Further, in the case of the
method of searching for the focusing point by using
only the contrast evaluating wvalue, when a focus
adjusting unit is operated at high speed during the
search, a sampling interval of the contrast evaluating
values in an optical axis direction is increased, so
that the true focusing point may be passed over.
Consequently, in the case of shooting especially for
moving images, it is highly possible that a person who
picks up a moving image may feel unpleasant about the
image picked up before achieving an in-focus state.

[0007] 1In view of the foregoing, an object of the present
invention is to solve the above-mentioned problem, and
to provide an automatic focusing apparatus having
excellent usability by properly performing automatic
focusing control on an object having a cyclic pattern.
Solution to Problem

[0008] 1In order to attain the above—mentioned object,
according to the present invention, there is provided
an automatic focusing apparatus including: an image
pickup optical system including a focus lens unit; a
focus position detecting unit for detecting a position
of the focus lens unit; a focus driving unit for
driving the focus lens unit; an image pickup unit for
picking up an image of an object through use of a beam
having passed through the image pickup optical system;
a focus detecting unit for detecting focus information
by a phase difference method through use of the beam
from the object; a contrast acquiring unit for
acquiring contrast evaluating value using an image
pickup signal obtained by the image pickup unit; a
focusing determining unit for determining whether or
not an in-focus state is achieved based on the contrast
evaluating value; a cyclic pattern determining unit for

determining whether or not the object has a cyclic
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[0010]

pattern based on focus information provided by the
focusing detecting unit; a target position setting unit
for setting a target position of the focus lens unit;
and a focusing direction determining unit for
determining a direction of an in-focus point, in which,
when the cyclic pattern determining unit determines
that the object has the cyclic pattern, the focusing
direction determining unit determines the direction of
the in-focus point, the target position setting unit
sets the target position of the focus lens unit in the
direction of the in-focus point, the focus driving unit
drives the focus lens unit toward the target position,
and the focusing determining unit determines whether or
not an in-focus state is achieved.

Advantageous Effects of Invention

According to the present invention, the effect of
automatic focusing with excellent usability for an
object having a cyclic pattern can be obtained by
properly setting automatic focusing operations.

Brief Description of Drawings

[FIG. 1] FIG. 1 is a structural view of a system in
a first embodiment of the present invention.

[FIG. 2A) FIG. 2A is a structural view of an
autofocus sensor in the first embodiment.

[FIG. 2B] FIG. 2B is a view illustrating an example
of a shot image in the first embodiment.

[FIG. 3] FIG. 3 is Flowchart 1 of processes in the
first embodiment.

[FIG. 4] FIG. 4 is a view illustrating an example of
an output value of a phase difference sensor in the
first embodiﬁent.

[FIG. 5] FIG. 5 is a view illustrating an example of
a correlated evaluating value in the first embodiment.
[FIG. ©] FIG. 6 1s Flowchart 2 of processes in the
first embodiment. |

[FIG. 7] FIG. 7 is Flowchart 3 of processes in the
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first embodiment.

[FIG. 8] FIG. 8 is Flowchart 4 of processes in the
first embodiment.

[FIG. 9] FIG. 9 is a view illustrating an example of
a focusing proposed point in the first embodiment.
[FIG. 10] FIG. 10 is Flowchart 5 of processes in the
first embodiment.

[FIG. 11] FIG. 11 is a view illustrating examples of
the focusing proposed point and a contrast evaluating
value in the first embodiment.

[FIG. 12] FIG. 12 is a view illustrating change in
focus in the first embodiment.

[FIG. 13] FIG. 13 is Flowchart 1 of processes in a
second embodiment of the present invention.

[FIG. 14] FIG. 14 is Flowchart 2 of processes in the
second embodiment.

[FIG. 15] FIG. 15 is a view illustrating examples of
a focusing proposed point and a contrast evaluating
value in the second embodiment.

[FIG. 16] FIG. 16 is a view illustrating change in
focus in the second embodiment.

[FIG. 17] FIG. 17 is Flowchart 1 of processes in a
third embodiment of the présent invention.

[FIG. 18] FIG. 18 is Flowchart 2 of processes in the
third embodiment.

[FIG. 19] FIG. 19.is a view illustrating examples of
a focusing proposed point and a contrast evaluating
value in the third embodiment.

[FIG. 20] FIG. 20 is a view illustrating change in
focus in the third embodiment.

[FIG. 21)] FIG. 21 is Flowchart 1 of processes in a
fourth embodiment of the present invention.

[FIG. 22] FIG. 22 is Flowchart 2 of processes in the
fourth embodiment. '

[FIG. 23A] FIG. 23A is a view illustrating an example

of a contrast evaluating value in the fourth embodiment.
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[FIG. 23B] FIG. 23B is a view illustrating an example
of the contrast evaluating value in the fourth
embodiment.

[FIG. 23C] FIG. 23C is a view illustrating an example
of the contrast evaluating value in the fourth
embodiment.

[FIG. 24] FIG. 24 is a view illustrating examples of
a focusing proposed point and the contrast evaluating
value in the fourth embodiment.

[FIG. 25] FIG. 25 is a view illustrating change in
focus in the fourth embodiment.

Description of Embodiments

Embodiments of the present invention are described in
detail hereinbelow based on the accompanying drawings.
First Embodiment

FIG. 1 illusﬁrates a structure of an automatic focusing
apparatus 100 in a first embodiment of the present
invention.

The automatic focusing apparatus 100 includes a focus
lens unit 111 constituting an image pickup optical
system, and a focus motor 112 as a focus driving unit
is connected to the focus lens unit 111. The focus
motor 112 is driven by a focus driver 113 to move the
focus lens unit 111 in an optical axis direction. The
position of the focus lens unit 111 is detected by a
focus position detecting unit 114.

On an image plane side of the focus lens unit 111, a
half mirror 121 is disposed. A beam having entered the
image pickup optical system passes through the focus
lens unit 111, and is divided into a beam passing
through the half mirror 121 and a beam reflected by the
half mirror 121. The beam having passed through the
half mirror 121 enters an image pickup element 140.
The image pickup element 140 is a charge storage type
image sensor, and is constituted by a CMOS sensor or a

CCD sensor. The beam reflected on the half mirror 121
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[0015]

[0016]

[0017]

enters a focus detecting unit 122 disposed at a
position conjugate with the image pickup element 140.
The focus detecting unit 122 includes multiple pairs of
secondary imaging lenses (not shown), and an autofocus
sensor as a phase difference sensor (not shown}).
Multiple area sensors are provided in the autofocus
sensor. The beam having passed through the half mirror
121 is divided into two and formed a pair of object
images (hereinafter, referred to as two images) on each
of the multiple area sensors by each of the multiple
pairs of secondary imaging lenses. Each of the
multiple area sensors photoelectrically converts the
two images, and outputs two image signals. From the
two image signals, a phase difference according to a
focus state of the automatic focusing apparatus 100 can
be obtained.

When the automatic focusing apparatus 100 is in focus
for a particular object at a specific distance, a phase
difference corresponding to an interval between the two
images indicates a specific value. When the focusing
of the automatic focusing apparatus 100 is achieved on
the side closer to the image plane with respect to the
object, i.e., in the case of so-called front focus, the
phase difference is smaller than the specific wvalue.

On the other hand, when the focusing thereof is
achieved on the side farther from the image plane with
respect to the object, i.e., in the case of so-called
rear focus, the phase difference is larger than the
specific value. in this manner, the focus detecting
unit 122 has a function of detecting the phase
difference between object images formed by the light
entering the automatic focusing apparatus 100.

A CPU 130 includes a phase difference focus computing
unit 131, a contrast focus computing unit (contrast
acquiring unit) 132, a defocus amount computing unit

133, and a lens controlling unit 134. The two image
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[0018]

- [0019]

[0020]

signals output from the focus detecting unit 122 are
input to the phase difference focus computing unit 131.
In addition, an image pickup signal output from the
image pickup element 140 is converted to an image
signal by an image processing unit 141, and the image
signal is input to the contrast focus computing unit
132. In this embodiment, a description is given
assuming an update périod of the image signal to be 16
milliseconds.

The phase difference focus computing unit 131 performs
correlative computation on the two image signals output
from the focus detecting unit 122 to compute the phase
difference between the image signals. The degree of
coincidence between two images is used as a correlated
evaluating value. The phase differences with which the
correlated evaluating values take extreme values are
set as focusing proposed points. Further) among the
individual focusing proposed points, the point at which
the correlated evaluating value takes a maximum value
is set as the most promising focusing proposed point.
The contrast focus computing unit 132 obtains the image
signal output from the image processing unit 141, and
extracts a high frequency component from the image
signal. Subsequently, the contrast focus computing
unit 132 generates a contrast evaluating value
indicating a contrast state of the object image from
the high frequency component. The image signal output
from the image processing unit 141 is periodically
updated. The contrast focus computing unit 132
generates the contrast evaluating value in
synchronization with the update period of the image
signal. Then, the contrast focus computing unit 132
determines that the point at which the contrast
evaluating value takes a maximum value is the focusing
point.

The defocus amount computing unit 133 computes a
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[0022]

[0023]

defocus amount of the focus lens unit 111 based on the
computation results of the phase difference focus
computing unit 131 and the contrast focus computing
unit 132.

Thus, multiple defocus amounts are computed using the
phase difference sensor provided in the focus detecting
unit 122. The computed defocus amounts are input to
the lens controlling unit 134. The lens controlling
unit 134 obtains the position of the focus lens unit
111 using the focus position detecting unit 114.
Subsequently, the lens controlling unit 134 drives the
focus lens unit 111 to a target position according to
the defocus amounts computed by the defocus amount
computing unit 133 (target position setting unit). At
this point, the lens controlling unit 134 drives the
focus motor 112 via the focus driver 113 to move the
focus lens unit 111 so that the focus lens unit 111 is
moved to the computed target position in the optical
axis direction. In this manner, automatic focusing is
performed.

Herein, FIG. 2A illustrates an example of focus
detecting areas in an image taking screen. The
individual focus detecting areas 501 to 527 are
illustrated in FIG. 2A. FIG. 2A illustrates an example
in which 21 in total focus detecting areas are included
with disposed seven focus detecting areas laterally
arranged in each of an upper portion, a middle portion,
and a lower portion of a photographing range,
respectively. The focus detecting areas 501 to 507 are
provided in the upper portion in order from the left
side, the focus detecting areas 511 to 517 are provided
in the middle portion in order from the left side, and
the focus detecting areas 521 to 527 are provided in
the lower portion in order from the left side.

The defocus amount computing unit 133 stores and

retains positions (coordinates) of multiple focus
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[0028]

detecting areas preset in the image taking range (image
acquiring screen) in which an image can be taken, and
shapes (sizes) of the focus detecting areas. By
changing the settings, the positions of the focus
detecting areas, the sizes thereof, and the like can be
changed. In this embodiment, it is assumed that the
focus detecting areas are selected by using a switch
201 of FIG. 1.

FIG. 2B illustrates a shot image in which an object is
photographed with the focus detecting area 514
illustrated in FIG. 2A being selected. As illustrated
in FIG. 2B, the object has a so-called stripe pattern
and hence a cyclic pattern. In the first embodiment,
an example in which focusing on an object having the
cyclic pattern is performed in an image taking
composition illustrated in FIG. 2B is described.

FIG. 3 is a flowchart illustrating a flow of automatic
focusing processes in the automatic focusing apparatus
100. The CPU 130 controls those processes according to
a computer program stored in a memory (not shown).

When the power of the automatic focusing apparatus 100
is turned on, the processes of the CPU 130 are executed
from Step S101. 1In Step S101, the lens controlling
unit 134 obtains a position F(0) of the focus lens unit
111 via the focus position detecting unit 114.

Next, the CPU 130 proceeds to Step S102 to select a
focus detecting area selected by the switch 201, and
activate the phase difference sensor in the focus
detecting unit 122. Subsequently, the CPU 130 proceeds
to Step S103.

In Step S103, the phase difference focus computing unit
131 obtains two image signals from the focus detecting
unit 122, and computes the phase difference in the
focus detecting area 514 selected by the switch 201.
FIGS. 4 and 5 illustrate examples of the two image
signals, and the phase difference and the correlated
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evaluating value as computed focus information during
the process described above, respectively. The object
has the cyclic pattern as described above, and hence
waveforms illustrated in FIG. 4 are obtained from image
data obtained from the focus detecting area 514. 1In
this case, the correlated evaluating values indicating
the degree of coincidence between two images of each
phase difference can be plotted as illustrated in FIG.
5. As illustrated in FIG. 5, focusing proposed points
C(1l) to C(5) each having the phase difference and its
correlated evaluating value as parameters are obtained.
The number of focusing proposed points and an index of
each focusing proposed point are stored.

When the object has no cyclic pattern, differences
among the correlated evaluating values at the
respective individual focusing proposed points are
produced, and hence the true focusing proposed point
can be selected. However, the characteristic of the
case where the object has the cyclic pattern is that
the individual correlated evaluating values take
substantially equal values, as illustrated in FIG. 5.
Accordingly, even when C(3) is a true focusing point,
the correlated evaluating value of C(3) is
substantially equal to other correlated evaluating
values, and hence it is difficult to determine which
one of C(1l) to C(5) is the true focusing proposed point.
The description returns to the flowchart of FIG. 3.
Next, the process flow proceeds to Step S120 in which
the phase difference focus computing unit 131 (cyclic
pattern determining unit) determines whether or not the
object has the cyclic pattern. Herein, the description
is given by taking, as an example, a method in which it
is determined that the cyclic pattern is present when
the difference among the respective correlated
evaluating values of the above-mentioned focusing

proposed points C(l) to C(5) fall within a
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predetermined range.

FIG. 6 illustrates a flowchart of a subroutine
indicating an example of the cyclic pattern
determination. First, in Step S171, it is determined
whether or not the number of focusing proposed points
computed in Step S103 is 2 or more. When the number of
focusing proposed points is 2 or more, the process flow
proceeds to Step S172, while when the number thereof is
less than 2, the process flow proceeds to Step S177.

In Step S172 and Step S173, the minimum value and the
maximum value of the individual correlated evaluating
values are searched for and stored. Next, the process
flow proceeds to Step S174 in which the difference
between the minimum and maximum values of the
correlated evaluating values obtained in Steps S172 and
S173 is calculated, and the difference is stored as a
correlated evaluating value range. Subsequently, the
process flow proceeds to Step S175 in which the
correlated evaluating value range is compared with a
predetermined threshold value B. In Step S175, in a
case where the correlated evaluating value range is
less than the threshold value B, the result is
determined to be true, and the process flow proceeds to
Step S176. When the evaluation result is false in Step
S175, the process flow proceeds to Step S177. In Step
S176, the result that the cyclic pattern is present is
stored, and the subroutine for the cyclic pattern
determination is ended. In Step S177, the result that
a normal pattern is present is stored, and the
subroutine for the cyclic pattern determination is
ended. Note that, P is an arbitrary value, and a
predetermined value may be written into a program for f
in advance, or a structure may be adopted in which
specification and selection of a value for @ can be
externally performed by providing a volume or a switch

(not shown).
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The description returns to the flowchart of FIG. 3. As
the result of the determination in Step S120, when it
is determined that the cyclic pattern is present, the
process flow proceeds to Step S121. 1In Step S120, when
it is determined that the cyclic pattern is not present,
the process flow proceeds to Step S150.

In Step S121, a focusing direction determination is
performed. Herein, the direction determination is
performed by taking a flowchart of FIG. 7 as an example.
First, in Step S181, it is determined whether or not
the position F (0) of the focus lens unit 111 detected
in Step S101 by the lens controlling unit 134 is
located on an infinite side with respect to an entire
focus area. When the determination result in Step S181
is true, i.e., when the position F(0) is located on the
infinite side, the focusing direction is set to a close
side in Step S182, and the process is ended. On the
other hand, when the determination result in Step S181
is false, i.e., when the position F(0) is located on
the close side, the focusing direction is set to the
infinite direction in Step S183, and the process is
ended. For example, the position F (0) of the focus
lens unit is located further on the infinite side than
a middle point in a movable range, the focusing
direction may be set to the close side, while when the
position F(0) thereof is located further on the close
side than the middle point in the movable range, the
focusing direction may be set to the infinite direction.
The description returns to the flowchart of FIG. 3.
Next, the process flow proceeds to Step S122 in which
the defocus amount computing unit 133 sets the closest
focusing proposed point among the focusing proposed
points corresponding to the focusing direction

determined in Step S121 in a variable 1i.

FIG. 8 illustrates a subroutine in Step $§122. First,

in Step S191, the focusing direction determined in Step
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S121 is referred to. When the focusing direction is
the infinite direction, the process flow proceeds to
Step 5192, while when the focusing direction is the
close side, the process flow proceeds to Step S196. 1In
Step S192, a value 1 is set to an index variable j, and
the process flow proceeds to Step S194. In Step S194,
the defocus amount computing unit 133 computes a
focusing proposed position F (j) of the focus lens unit
111 corresponding to a focusing proposed point C(j).
Subsequently, the positional relation between F(0) and
F(j) is determined. When F(0) is closer than F(3j),
i.e., when the determination result is true, the
process flow proceeds to Step S195. On the other hand,
when the determination result in Step S194 is false,
the process flow proceeds to Step S193. In Step S193,
the index variable j is incremented. Then the
processes are executed again from Step S194. 1In Step
S196, the number of focusing proposed points is set in
the index variable j. That is, an index corresponding
to the focusing proposed point having the last index
among the focusing proposed points computed in Step
S103 of FIG. 3 is set to the variable j. Subsequently,
the process flow proceeds to Step S197 in which,
similarly to Step S194, F(j) is computed, and the
positional relation between F(0) and F(j) is determined.
When F(0) is located farther than F(j), i.e., when the
determination result is true, the process flow proceeds

to Step S195, while when the determination result is

" false, the process flow proceeds to Step S198. 1In Step

S198, the index variable j is decremented, and the
processes are executed again from Step S197. In Step
S195, the index variable j is set to the variable i as
a neighbor focusing proposed point, and the subroutine
is ended.

Herein, FIG. 9 illustrates each focusing proposed point
C(i) and each position F(i) of the focus lens unit
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corresponding to C(i). For example, as illustrated in

FIG. 9, when the position F(0) of the focus lens unit

111 detected in Step S101 is located at the position on
the close side, the focusing direction determination in
Step S121 indicates the focusing direction being the
infinite direction. Further, in Step S$122, the index
of the focusing proposed point closest to F(0) is 1,
and a value 1 is set to the wvariable 1i.

Next, in Step S123, the defocus amount computing unit
133 computes the defocus amount and a driving speed of
the focus lens unit 111, and computes the focusing
proposed position F(i) of the focus lens unit 111
corresponding to the focusing proposed point C(i) as a
target position. Each F(i) corresponding to each C(i)
has a relation as illustrated in FIG. 9. Details of a
method of determining the defocus amount and the
driving speed are described later. Next, the process
flow proceeds fo Step S124 in which the lens
controlling unit 134 drives the focus lens unit 111 to
the focusing proposed position F(i) at the above-
described driving speed using the focus driver 113 and
the focus motor 112. Thereafter, in Step S125, the
contrast focus computing unit 132 obtains the image
signal from the image processing unit 141, and computes
the high frequency component and a contrast evaluating
value V(i) of an area corresponding to the focus
detecting area selected in Step S102.

Subsequently, the process flow proceeds to Step S130 in
which it is determined whether or not the contrast
evaluating value V(i) obtained in Step S125 is larger
than a predetermined threshold value a. When V(i) is
larger than the threshold value «, it is determined
that an in-focus condition is achieved, and the process
flow returns to Step S101, and the processes are
executed again. On the other hand, when V(i) is equal
to or smaller than the threshold value «q, it is
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determined that an in-focus condition has not been
achieved, and the process flow proceeds to Step S140.
Note that, o is an arbitrary value, and a predetermined
value may be written into a program for o in advance,
or a structure may also be adopted in which
specification and selection of a value for o can be
externally performed by providing a volume or switch
(not shown). A focusing determination method in Step
S130 is described later.

In Step S140, it is determined whether or not the
focusing determinations has been carried out for a
number of times that matches the number of focusing
proposed points corresponding to the focusing direction
determined in Step $121. When the determination result
in Step S140 is true, the processes are executed again
from Step S101. When the determination result in Step
S140 is false, the process flow proceeds to Step S141
in which the next focusing proposed point corresponding
to the focusing direction determined in Step S121 is
set in the variable i. That 1s, the focusing proposed
position that is located further in the focusing
direction than the position of the current focus lens
unit 111 and is closest to the current focus lens unit
111 is set as the target position of the focus lens
unit. Then the processes are executed again from Step
S123.

In Step S$150, normal hybrid automatic focusing
processes in a case where the object has no cyclic
pattern are executed. Automatic focusing using a
hybrid method of a phase difference method and a
contrast method is well-known, and hence a flowchart of
a subroutine is illustrated in FIG. 10 as a simple
example. First, in Step S151, among the focusing
proposed points computed by the phase difference focus
computing unit 131, the focusing proposed point having

the largest correlated evaluating value is selected.
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Subsequently, the target position of the focus lens
unit 111 is computed by the defocus amount computing
unit 133. Next, in Step S152, the lens controlling
unit 134 drives the focus lens unit 111 using the focus
driver 113 and the focus motor 112. Subsequently, in
Step S153, the contrast focus computing unit 132 takes
the image signal from the image processing unit 141,
and computes the contrast evaluating value. Then, in
Step S154, the focusing determination is performed
similarly to Steps S110 and S130. When an in-focus
condition is achieved, the present subroutine is ended.
When an in-focus condition is not achieved, the process
flow proceeds to Step S155. 1In Step S155, the defocus
amount for performing so-called hill climbing
determination using the contrast evaluating value is
computed. Subsequently, the processes are repeatedly
executed from Step S152 until an in-focus condition is
achieved.

Herein, the process from the computation of the defocus
amount and the driving speed to the determination of
the focus condition when the determination result is
true in Step S120 of the flowchart illustrated in FIG.
3, i.e., when it is determined that the cyclic pattern
is present, is described. FIG. 11 illustrates the
process until an in-focus state is obtained when this
embodiment is applied in the case where the initial
position F(0) of the focus lens uﬁit 111 is positioned
on the close side. The horizontal axis of FIG. 11
indicates the focusing proposed point C(i) computed by
the phase difference focus computing unit 131, and the
focusing proposed position F(i) of the focus lens unit
111 corresponding to each C(i). The vertical axis of
FIG. 11 indicates the correlated evaluating value of
the focusing proposed point C(i) based on the phase
difference, and the contrast evaluating value V(i)

computed by the contrast focus computing unit 132.
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F(0) of FIG. 11 denotes the position of the focus lens
unit 111 detected by the lens controlling unit 134 in
Step S101. When Step S123 is executed, in a case where
i=1 is assumed to be satisfied in Step S5122, the target
position of the focus lens unit 111 is set at F(l). 1In
addition, the lens controlling unit 134 determines the
driving speed of the focus lens unit 111 such that the
image output from the image processing unit 141 is
updated when the focus lens unit 111 reaches the
position F(1l), and drives the focus lens unit 111 in
Step S124. As described above, when the update period
of the image output from the image processing unit 141
is assumed to be 16 milliseconds, the driving is
performed such that Step S125 is executed after a lapse
of an integral multiple of 16 milliseconds to obtain
the contrast evaluating value V(1l). Then the focusing
determination is performed based on the contrast
evaluating value V(1) in Step S130. The contrast
evaluating value V(1) is smaller than o, and hence F(2)
as the next focusing proposed position is set as the
target posiﬁion in Steps S140 and S141, and the same
processes are executed from Step S123. When i=3 is
satisfied, the constant evaluating value V(3) is larger
than o, so that it is determined that focusing is
achieved in Step S130, and the process is ended.

FIG. 12 illustrates the locus of the focus lens unit
111. In FIG. 12, the horizontal axis indicates time,
while the vertical axis indicates the position of the
fécus lens unit 111. As illustrated in FIG. 12, from
time T(0) to time T(3), the focus lens unit 111 is
driven from the position F(0) to the position F(3), and
the contrast evaluating values V(0) to V(3) are
obtained. When it is determined that an in-focus
condition is not achieved at a given focusing proposed
point, the focus lens unit 111 can be immediately

driven to the next focusing proposed point without
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reducing the driving speed of the focus lens unit 111
at the given focusing proposed point. In addition,
according to the defocus amount (focusing evaluating
value) at each of the focusing proposed points, the
driving speed of the focus lens unit 111 is variable.
That is, it is prefer to set the driving speed of the
focus lens unit 111 faster as the defocus amount is
larger (the focusing proposed point is farther from the
in-focus position).

Thus, in this embodiment, in synchronization with the
image update period of the image processing unit 141,
the focus lens unit 111 is driven to the focusing
proposed position F(i) (focusing proposed point C(1i))
while controlling the position and the velocity of the
focus lens unit 111, whereby contrast evaluating can be
performed only on a focusing proposed point
neighborhood. That is, it is not necessary to perform
the contrast evaluation on areas between the individual
focusing proposed points, and hence it is not necessary
to reduce the driving speed of the focus lens unit in
order to perform the contrast evaluation, so that time
required to reach the true focusing point can be
shortened. Consequently, the speed of the automatic
focusing processes on the object having the cyclic
pattern can be increased on comparison with
conventional automatic focusing processes. Further, by
setting the threshold value o, it is not necessary to
search all focusing proposed points, so that focusing
can be achieved at high speed.

Note that, the method of the focusing direction
determination in this embodiment may adopt methods
other than the method illustrated in FIG. 7. For
example, the focusing direction may also be determined
from the relation between the initial position F(0) of
the focus lens unit 111 and the set of the focusing
proposed positions F(1).



WO 2011/090181 20 PCT/JP2011/051152

[0045]

[0046]

[0047]

[0048]

[0049]

Second Embodiment

In a case where the phase difference of the object
having the cyclic pattern is computed, the phase
difference interval between the focusing proposed
points is two pixels or more in principle on an
assumption that a pixel of the phase difference sensor
is used as a unit. In addition, sensitivity differs
according to the position of the focus lens unit, and
hence the defocus amount differs for each area between
the focusing proposed points, as illustrated in FIG. 12.
Therefore, in a case where the defocus amount is large,
even when the focus lens unit is driven at a maximum
possible driving speed, there is a possibility that the
image update period of the image processing unit 141
arrives before the focus lens unit is driven to the
next focusing proposed point. That is, in some cases,
it is difficult to perform the contrast evaluation at
the position of the focus lens unit corresponding to
the focusing proposed point.

With this being the situation, the utilization of the
contrast evaluating value of the image updated in an
area other than the focusing proposed point allows a
determination of whether or not the neighbor focusing
proposed point is a true focusing point.

In this embodiment, a method for automatic focusing
suitable for such situation is described.

The structure of the automatic focusing apparatus, the
structure of the autofocus sensor, and the arrangement
of the focus detecting areas in a second embodiment are
the same as those of FIGS. 1 and 2A in the first
embodiment, and hence descriptions thereof are omitted.
A description is given referring to FIGS. 13 to 16 by
taking the image taking scene of FIG. 2B as an example,
similarly to the first embodiment.

FIG. 13 is a flowchart illustrating the flow of

automatic focusing processes in the automatic focusing
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apparatus 100. The CPU 130 controls those processes
according to a computer program stored in the memory
(not shown).

In Steps S101 to S103 of FIG. 13, similarly to the
first embodiment, the position F(0) of the focus lens
unit 111 is detected. 1In addition, in the focus
detecting unit 122, the phase difference sensor
selected by the switch 201 is activated. Next, the
phase difference and the focusing proposed points of
the focus detecting area 514 selected by the switch 201
are computed.

In Step 5120, similarly to the first embodiment, the
cyclic pattern determination is performed. When it is
determined that the object has the cyclic pattern, the
process flow proceeds to Step S121, while when it is
determined that the object has no cyclic pattern, the
process flow proceeds to Step S150. In Step S150,
similarly to the first embodiment, the normal hybrid
autofocus processes are performed, and the processes
are repeated from Step S101. In Step S121, the
determination of the focusing direction is performed,
similarly to the first embodiment.

Subsequently, in Step S210, the defocus amount
computing unit 133 performs the computation of the
defocus amount. FIG. 14 illustrates a subroutine in
Step 210. First, in Step S211, the lens controlling
unit 134 detects the position of the focus lens unit
111. Next, in Step S212, an in-focus neighborhood
determination is performed using the contrast
evaluating value. When the determination result
indicates that the present focus position is in the
neighborhood of the in-focus position, the process flow
proceeds to Step S122, while when the determination
result does not indicate that the present focus
position is in the neighborhood of the in-focus

position, the process flow proceeds to Step S214.
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Details of a determination method in Step S212 are
described later.

In Step S122, similarly to the first embodiment, a
neighbor focusing proposed point i relative to the
position of the focus lens unit 111 detected in Step
S211 is set. Next, the process flow proceeds to Step
$213 in which a neighbor focusing proposed position
F(i) is set as the target position of the focus lens
unit 111, and the subroutine is ended. Further, in
Step S214, a focusing direction end determined in Step
S121 is set as the target position, and the subroutine
is ended. The focusing direction end refers to a limit
of the position of the focus lens unit corresponding to
the detected focuS»direction, i.e., the end thereof.
The description returns to the flowchart of FIG. 13.
Next, the process flow proceeds to Step S124 in which
the focus lens unit 111 is driven to the target
position, similarly to the first embodiment.
Subsequently, the process flow proceeds to Step S211 in
which the previously computed contrast evaluating value
is stored. The process flow proceeds to Step S125 in
which the contrast evaluating value is computed,
similarly to the first embodiment. Further, the
process flow proceeds to Step S130 in which it is
determined whether or not an in-focus condition is
achieved, similarly to the first embodiment. When an
in-focus condition is achieved, processes are executed
again from Step $S101, while when an in-focus condition
is not achieved, the process flow returns tb Step S5210.
The processes described above are repeatedly executed.
Herein, the process until an in-focus condition is
achieved and the determination method in Step S212 of
FIG. 14 when the flowchart of FIG. 13 is executed are
described with reference to FIGS. 15 and 16. Similarly
to FIG. 11 described in the first embodiment, in FIG.

15, the horizontal axis indicates the focusing proposed
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point C(i) and the focusing proposed position F(i) of
the focus lens unit 111. In addition, the vertical
axis of FIG. 15 similarly indicates the correlated
evaluating value of the focusing proposed point C(i)
and the contrast evaluating value V(i) thereof. In FIG.
16, the horizontal axis indicates time, and the
vertical axis indicates the position of the focus lens
unit 111, similarly to FIG. 12 described in the first
embodiment.

Herein, at time T(0) of FIG. 16, it is assumed that the
position F(0) of the focus lens unit 111 detected in
Step S101 is located at positions illustrated in FIGS.
15 and 16. In addition, the true focusing position is
assumed to be F(3). In this case, in Step S121, as the
result of the focusing direction determination, it is
determined that the focusing direction is the infinite
direction. In Step $212 of FIG. 14 that is the
subroutine in the next Step S210, it is determined
whether or not the current position is in the
neighbbrhood of the in-focus position by using the
contrast evaluating value. 1In this process, the
obtained latest contrast evaluating value V(i) is
compared with the previous contrast evaluating value
stored in Step S211. When the latest contrast
evaluating value V(i) is larger than the previous
contrast evaluating value, it is determined that the
current position is in the neighborhood of the in-focus
position. When the latest contrast evaluating value
V(i) is the previous contrast evaluating value or less,
it is determined that the current position is not in
the neighborhood of the in-focus position. When i=0 is
satisfied, the process flow proceeds to Step S214 in
which the target position is set at an infinite side
end, and the defocus amount computation is ended. Next,
in Step S124, the focus lens unit 111 is driven toward
the infinite side. Subsequently, at time T (1) of FIG.
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16, in Step S125, a contrast evaluating value V(1) is
computed.

Then, the focusing determination is performed in Step
S130. As illustrated in FIG. 15, (the contrast
evaluating value V(1l))<(the threshold value «) 1is
satisfied, and hence the process flow proceeds to Step
S5210. In the same manner, Steps S210 to S130 of FIG.
13 are repeatedly executed. Then, when i=2 is
satisfied, in Step S212 of FIG. 14, the result that
V(2)>V(1l) is satisfied is obtained, and the process
flow proceeds to Step S5213. In Step S213, a neighbor
focusing proposed position F(i) relative to the
position of the focus lens unit 111 where V(2) is
obtained, i.e., the position of the focus lens unit 111
detected in Step S211 is searched for. In other words,
the focusing proposed position F(i) that is located
further in the focusing direction than the position of
the focus lens unit 111, and is closest to the position
of the focus lens unit 111 is searched for, and set as
the target positioh. From FIG. 15, i=3 is obtained,
and F(3) is set as the target position. The process
flow proceeds to Step S124 of FIG. 13 in which the
focus lens unit 111 is driven to the target position
F(3). In Step S124, in order to quickly achieve an in-
focus state, it is assumed that the focus lens unit 111
is driven to the target position F(3) asynchronously
with the image update period. Subsequently, the
process flow proceeds to Step S125 in which a contrast
evaluating value V(3) is obtained. Then, in the
focusing determination in Step S130, (the contrast
evaluating value V(3))>(the threshold value o) is
satisfied, and it is determined that focusing is
achieved. Herein, as illustrated in FIG. 16, when
attention is paid to the locus of the focus lens unit
111 until focusing is achieved, it can be seen that the

focus lens unit 111 is driven at a constant speed until
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an in-focus condition is achieved. Note that, the
driving speed of the focus lens unit 111 from a
position F(2) to the position F(3) may also be
determined in synchronization with the update period of
the image obtained from the image processing unit 141,
as described in the first embodiment.

Thus, by utilizing the contrast evaluating value of the
image updated in the area other than the focusing
proposed point, it is determined whether or not the
previous or subsequent focusing proposed point is the
true focusing point, and the focus lens unit 111 can be
thereby driven quickly to the in-focus position.

Third Embodiment

In the first and second embodiments, the case where the
initial position of the focus lens unit 111 is on the
close side is described. In those embodiments, the set
of focusing proposed points is present in one direction
with respect to the initial position F(0) of the focus
lens unit 111, and hence the direction of the in-focus
position can be uniquely determined. On the other hand,
when the initial position of the focus lens unit 111 is
located within the range of the focusing proposed
points, it is difficult to uniquely determine the
direction of the in-focus position. With this being
the situation, by obtaining the contrast evaluating
value in the neighborhood of the initial position F(0),
the direction determination of the in-focus position
can be performed. After the direction of the in-focus
potion is determined, similarly to the first and second
embodiments, focusing can be quickly achieved by using
the contrast evaluating value at the focusing proposed
point. In this embodiment, a method for automatic
focusing suitable for such situation is described.

The structure of the automatic focusing apparatus, the
structure of the autofocus sensor, and the arrangement

of the focus detecting areas in a third embodiment are
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the same as those of FIGS. 1 and 2A in the first
embodiment, and hence descriptions thereof are omitted.
A description is given referring to FIGS. 17 to 20 by
the image taking scene of FIG. 2B as an example,
similarly to the first embodiment.

FIG. 17 is a flowchart illustrating the flow of
automatic focusing'processes in the automatic focusing
apparatus 100. The CPU 130 controls those processes
according to a computer program stored in the memory
(not shown).

The Steps S101 to S103 of FIG. 17 are the same as those
in the first and second embodiments, and hence
descriptions thereof are omitted. After Step S103, the
process flow proceeds to Step S120 in which the cyclic
pattern determination is performed. When the
determination result in Step S120 is true, i.e., when
it is determined that the cyclic pattern is present,
the process flow proceeds to Step 310. When the
determination result in Step S120 is false, i.e., when
the object is a normal object, the process flow
proceeds to Step S150. The same processes as those in
the first embodiment are performed in Step S150, and
hence a description thereof is omitted.

In Step S$310, the focusing direction determination is
performed. FIG. 18 illustrates a subroutine in Step
$310. First, in Step S311, the contrast focus
computing unit 132 computes a contrast evaluating value
V(0). Next, the process flow proceeds to Step S312 in
which the defocus amount computing unit 133 computes
the defocus amount for driving the focus lens by a
predetermined amount. The defocus amount is an
arbitrary amount, and the defocus amount may be written
into a program or the like in advance, or may be
computed based on optical conditions of the automatic
focusing apparatus. Then, the focus lens unit 111 1is

driven in a forward direction by the lens controlling
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unit 134. 1In this embodiment, as an example of the
forward direction, the focus lens unit 111 is driven
toward fhe close side. Next, the process flow proceeds
to Step S$313 in which the contrast focus computing unit
132 computes a contrast evaluating wvalue V(0)'.
Subsequently, the process flow proceeds to Step S314 in
which the contrast evaluating values V(0) and V(0)' are
compared with each other. When V(0)'>V(0) is satisfied,
the process flow proceeds to Step S315, while when
V(0)'<V(0) is satisfied, the brocess flow proceeds to
Step S316. In this embodiment, in Step S315, a
focusing direction 1 corresponds to the forward
direction, i.e., -the close side and, in Step S316, a
focusing direction 2 corresponds to an opposite
direction, i.e., the infinite direction. The focusing
direction is determined in this manner, and the
subroutine for the focusing direction determination is
ended. Subsequently, the process flow proceeds to Step
S122 of the flowchart of FIG. 17.

The Steps S122, S123, S124, S125, S130, S140, and S141

~are the same as those in the first embodiment, and

hence descriptions thereof are omitted. Those
processes described above are repeatedly executed.
Herein, the process until an in-focus condition 1is
achieved and the process of focusing direction
determination in the flowchart of FIG. 18 when the
flowchart of FIG. 17 is executed are described with
reference to FIGS. 19 and 20. Similarly to FIG. 11
described in the first embodiment, in FIG. 19, the
horizontal axis indicates the focusing proposed point
C(i) and the focusing proposed position F(i) of the
focus lens unit 111. In addition, the vertical axis of
FIG. 19 similarly indicates the correlated evaluating
value of the focusing proposed point C(i) and the
contrast evaluating value V(i) thereof. In FIG. 20,

the horizontal axis indicates time, and the vertical
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axis indicates the position of the focus lens unit 111,

similarly to FIG. 12 described in the first embodiment.

‘Herein, it is assumed that the position F(0) of the

focus lens unit 111 detected in Step S101 is located at
positions illustrated in FIG. 19. 1In addition, the
true in-focus position is assumed to be F(3). In Step
S312 of FIG. 18, when it is assumed that the focus lens
is driven in the forward direction, i.e., toward the
close side, the contrast evaluating value V(0)'
obtained in Step S313 is obtained at a position as
illustrated in FIG. 19. Next, in the determination of
the focusing direction in Step S314, as illustrated in
FIGS. 19 and 20, V{(0)>V(0)' is satisfied, and hence the
process flow proceeds to Step S316 in which it is
determined that the focusing direction corresponds to
the opposite direction, i.e., the infinite direction.
Then, the subroutine for the focusing direction
determination is ended. Next, when the process flow
proceeds to Step S122 in which the process is executed
similarly to the first embodiment, the index of the
focusing proposed point closest to F(0) is 3, and a
value 3 is set in the variable i. 1In addition, in
Steps S123 and S124, the focus lens unit 111 is driven
to F(3), and a contrast evaluating value V(3) in Step
S125 is obtained. Subsequently, in the focusing
determination in Step S130, (the contrast evaluating
value V(3))>(the threshold value o) is satisfied, and
hence it is determined that focusing is achieved, and
the flowchart of FIG. 17 is ended.

Thus, in this embodiment, by obtaining the contrast
evaluating value in the neighborhood of the initial
position F(0), the direction determination of the
focusing point is performed, and by performing the
focusing direction determination, the object having the
cyclic pattern can be quickly focused on.

In this embodiment, although the description has been
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given of the case where the speed control of the focus
lens unit 111 is performed in synchronization with the
image update period from time T(2) to time T(3) of FIG.
20, when the focus lens unit 111 can reach the true
focusing point in a time period shorter than integral
multiples of the image update period, the focus lens
unit 111 may be driven to the true focusing point at
the maximum speed, as in the second embodiment.

In addition, in this embodiment, although it is assumed
that the focus lens unit 111 is driven toward the close
side as the forward direction in Step S312 in the
subroutine for the focusing direction determination of
FIG. 18, the focus lens unit 111 may also be driven
toward the infinite side as the forward direction.
Fourth Embodiment

Each of the first to third embodiments has described
the example where the focusing determination is
performed by comparing the contrast evaluating value
and the threshold value o. Although it is described
that the threshold value o is an arbitrary wvalue, the
peak value of the contrast evaluating value at an in-
focus state fluctuates depending on an image taking
environment and object conditions, and hence there are
cases where it is difficult to uniquely determine the
threshold value a. Accordingly, when the contrast
autofocus using the image signal is performed, a method
in which the focusing point is searched for by
performing a so-called hill climbing determination is
commonly used. It is described above that the focusing
precision is improved by increasing the number of
search points, while it takes time to obtain an in-
focus state. With this being the situation, by
performing the hill climbing determination on the
neighborhood of the focusing proposed point computed as
a phase difference target position, a quick and high-

precision focusing operation can be obtained. 1In this
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embodiment, a method for automatic focusing suitable
for such situation is described.

The structure of the automatic focusing apparatus, the
structure of the autofocus sensor, and the arrangement
of the focus detection areas in a fourth embodiment are
the same as those of FIGS. 1 and 2A in the first
embodiment, and hence descriptions thereof are omitted.
A description is given referring to FIGS. 21 to 25 by
the image taking scene of FIG. 2B as an example,
similarly to the first embodiment.

FIG. 21 is a flowchart illustrating the flow of
automatic focusing processes in the automatic focusing
apparatus 100. The CPU 130 controls those processes
according to a computer program stored in the memory
(not shown).

In Steps S101 to S103, S120 to S122, and S150 of FIG.
21, the same processes as those in the first embodiment
are executed, and hence descriptions thereof are
omitted. ‘
After Step S122, the process flow proceeds to Step S401.
In Step S401, the computation of the defocus amount is
performed. At this time, the target position is set at
a position F(i)-AF obtained by offsetting the focusing
proposed position F(i) by a predetermined value.
Similarly to the first embodiment, the defocus amount
is determined so that time required for the focus lens
unit to reach the target position matches time of an
integral multiple of the image update period. Next,
the process flow proceeds to Step S402 in which the
focus lens unit 111 is driven to the position F (i) -AF,
similarly to Step S124 of FIG. 3 of the first
embodiment. That is, after a lapse of time of an
integral multiple of the image update period 16
milliseconds, the focus lens unit 111 reaches the
target position. Herein, AF is an arbitrary wvalue, and

AF may be written into a program or the like in advance
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or may be computed based on optical conditions of the
image taking apparatus, or a structure may also be
adopted in which selection and switching of AF can be
externally performed using a volume or switch (not
shown) .

Next, the process flow proceeds to Step S410 in which
the hill climbing determination using the contrast
evaluating value is performed. FIG. 22 illustrates a
subroutine in Step S410. First, in Step S411 of FIG.
22, the contrast focus computing unit 132 obtains the
image from the image processing unit 141, and computes
a contrast evaluating value V(i)' at the position F(i)-
AF of the focus lens unit 111., Subsequently, the
process flow proceeds to Step S412 in which the lens
controlling unit 134 drives the focus lens unit 111 to
the position F(i). Then the process flow proceeds to
Step S413 in which a contrast evaluating value V(i) at
the position F(i) of the focus lens unit 111 is
computed, similarly to Step S411. Further, the process
flow proceeds to Step S414 in which the focus lens unit
111 is driven to a position F(i)+AF obtained by
offsetting the position F(i) by a predetermined value.
Then the process flow proceeds to Step S415 in which a
contrast evaluating value V(i)'' at the position
F(i)+AF of the focus lens unit 111 is computed,
similarly to Steps S411 and S413.

Next, the process flow proceeds to Step S416 in which
the contrast evaluating values V (i), V(i)', and V(i)'"'
obtained in Steps S411 to S415 are compared with each
other to perform the hill climbing determination. As
illustrated in Step S416, when V(i)>V (i)' and V(i)>V''
are true, it is determined that an in-focus condition
is obtained, and the process flow proceeds to Step S417
in which a focusing flag is turned ON. On the other
hand, when the determination result in Step S416 is

false, it is determined that an in-focus condition is
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not obtained, and the process flow proceeds to Step
S418 in which the focusing flag is turned OFF.

FIGS. 23A, 23B, and 23C illustrate relations of the
contrast evaluating values V(i), V(i)', and V(i)'' to
the positions F (i), F(i)-AF, and F(i)+AF of the focus
lens unit 111 when the determination in Step S416 is
performed. When the relation as illustrated in FIG.
23A is given, a so-called contrast peak is attained,
and the determination result is true in Step S416.

On the other hand, when the relations illustrated in
FIGS. 23B and 23C are given, the contrast peak is not
attained yet, and hence the determination result is
false in Step S416.

The description returns to the flowchart of FIG. 22.
After Step S417, the process flow proceeds to Step S419
in which the focus léns unit 111 is driven to the
focusing proposed position F(i), and the subroutine for
the hill climbing determination is ended.

The description returns to the flowchart of FIG. 21.
After Step S410, the process flow proceeds to Step S403
in which the determination of the focusing flags set in
Steps S417 and S418 of FIG. 22 is performed. When the

determination result is true, the processes are

- repeated from Step S101. On the other hand, when the

determination result in Step S403 is false, the process
flow proceeds to Step S140. In Steps S$140 and S141,
similarly to the first embodiment, another focusing
proposed point is set, the processes are repeated from
Step S401, and another focusing proposed point 1is
searched for.

Herein, the process until focusing is achieved when the
flowchart of FIG. 21 is executed, and the process of
the so-called hill climbing determination in the
flowchart of FIG. 22 are described with reference to
FIGS. 24 and 25.

In FIG. 24, similarly to FIG. 11 described in the first
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embodiment, the horizontal axis indicates the focusing
proposed point C(i) and the focusing proposed position
F(1i) of the focus lens unit 111. In addition, the
vertical axis of FIG. 24 similarly indicates the
correlated evaluating value of the focusing proposed
point C(i) and the contrast evaluating value V(i)
thereof. In FIG. 25, similarly to FIG. 12 described in
the first embodiment, the horizontal axis indicates
time, while the vertical axis indicates the position of
the focus lens unit 111.

It is assumed that, at time T(0) of FIG. 25, the
position F(0) of the focus lens unit 111 detected in
Step S101 of FIG. 21 is at positions illustrated in
FIGS. 24 and 25. 1In addition, similarly to the first
to third embodiments, the true in-focus point is
assumed to be F(3). In Step S121 of the flowchart of
FIG. 21, similarly to the first embodiment, it is
determined that the direction toward the in-focus point
is the infinite direction. Next, in Step S122, a value
1 is set in the focusing proposed point number i. Then,
Steps S401 and S402 are executed, and, as illustrated
in FIGS. 24 and 25, a hill climbing evaluation is
performed at positions of three points F(1)-AF, F(1),
and F(1l)+AF, which are in the neighborhood of the
position F (1) of the focus lens unit 111 in Step S410.
The contrast evaluating values V(1)' and V(1)'' in the
neighborhood of the contrast evaluating value V(1) have
the positional relation as illustrated in FIG. 23B.
Therefore, the result of the focusing determination in
Step S416 of the flowchart of FIG. 22 is false, and the
process flow proceeds to Step S418. When i=2 is
satisfied, in the situation illustrated in FIG. 25, the
same contrast evaluating value as that obtained when
i=1 is satisfied is obtained. Consequently, the
positional relation as illustrated in FIG. 23B is given,

and the result of the focusing determination in Step
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[0085]

[0086]

[0087]

S416 of the flowchart of FIG. 22 is false. Similarly,
when i=3 is satisfied, the contrast evaluating values
have the relation as illustrated in FIG. 23A.
Therefore, the result of the focusing determination in
Step S416 of the flowchart of FIG. 22 is true. Then,
in Step S419, the focus lens unit 111 is driven to the
position F(3).

FIG. 25 illustrates the locus of the focus lens unit
111. As illustrated in FIG. 25, the driving speed of
the focus lens unit 111 between the individual focusing
proposed points is set so that the focus lens unit 111
is quickly driven, similarly to the first embodiment.
However, the driving speed is reduced between the
positions F(i)+AF, that is, in the neighborhood of the
individual focusing proposed points, to obtain the
contrast evaluating values. In addition to the
reduction in driving speed, by driving the focus lens
unit 111 in synchronization with the timing at which
the individual contrast evaluating values are computed,
the search can be effectively performed only in the
neighborhood of the focusing proposed points.

Thus, in this embodiment, the driving speed of the
focus lens unit 111 is increased between the focusing
proposed points, and is reduced in the neighborhoods of
the focusing proposed points, to thereby quickly detect
the focusing point with high precision.

In this embodiment, although the example where the hill
climbing determination is performed on the neighborhood
of the focusing proposed point C(i) using the contrast
evaluating value in the flowchart of FIG. 21 has been
described, by applying Steps S152, S153, S154, and S155
of the flowchart of FIG. 10, the focusing point may be
searched for in detail.

Although the exemplary embodiments of the present
invention have been described thus far, it should be

appreciated that the present invention is not limited
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[0090]

[0091]

[0092]

to those embodiments, and various modifications and
changes may be made without departing from the gist
thereof.

For example, the processes described in the first to
fourth embodiments may be combined and performed.
Further, in order to support multiple image taking
scenes, a switching unit may be providéd to switch
among the processes.

In the present invention, although the example where
the separating unit is provided in the imaging optical
system and the focus detecting unit using the separated
beam is provided has been described, a structure may
also be adopted in which the half mirror 121 is not
provided, and the focus detecting unit 122 is provided
outside the automatic focusing apparatus 100 to detect
the focus by using the beam from outside light.

In addition, in the present invention, although the
example where the separating unit is provided in the
imaging optical system and the focus detecting unit
using the separated beam is provided has been described,
a structure may also be adopted in which the half
mirror 121 is not provided, and the image pickup
element 140 and the focus detecting unit 122 are
provided as one unit.

Further, in the present invention, as illustrated in
FIG. 1, although the components other than the switch
201 are provided in the automatic focusing apparatus
100, the components may be separately provided in
different units. Further, although the phase
difference focus computing unit 131, the contrast focus
computing unit 132, the defocus amount computing unit
133, and the lens controlling unit 134 are provided in
one CPU 150, the components may be separately provided
in different CPUs or arithmetic units, or may be
provided outside the automatic focusing apparatus 100.

Moreover, in the present invention, although the update
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period of the image signal is set to 16 milliseconds,
it should be appreciated that the update period thereof
is not limited to 16 milliseconds, and the present
invention may be carried out according to various
update periods of the image signal.

[0093] This application claims the benefit of Japanese
Patent Application No. 2010-012093, filed January 22,
2010, which is hereby incorporated by reference
herein in its entirety.
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CLAIMS
An automatic focusing apparatus, comprising:
an image pickup optical system including a focus lens
unit;
a focus position detecting unit for detecting a
position of the focus lens unit;
a focus driving unit for driving the focus lens unit;
an imagé pickup unit for picking up an image of an
object through use of a beam having passed through the
image pickup optical system;
a focus detecting unit for detecting focus information
by a phase difference method through use of the beam
from the object; |
a contrast acquiring unit for acquiring a contrast
evaluating value using an image pickup signal obtained
by the image pickup unit;
a focusing determining unit for determining whether or
not an in-focus state is achieved based on the contrast
evaluating value;
a cyclic pattern determining unit for determining
whether or not the object has a cyclic pattern based on
the focus information provided by the focusing
detecting unit; |
a target position setting unit for setting a target
position for driving of the focus lens unit; and
a focusing direction determining unit for determining a
direction of an in-focus point,
wherein, when the cyclic pattern determining unit

determines that the object has the cyclic pattern, the

focusing direction determining unit determines the

direction of the in-focus point, the target position
setting unit sets the target position of the focus lens
unit in the direction of the in-focus point, the focus
driving unit drives the focus lens unit toward the
target position, and the focusing determining unit

determines whether or not an in-focus state is achieved.
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[2]

(4]

(5]

[6]

An automatic focusing apparatus according to claim 1,
wherein the target position setting unit switches
between an operation .in which the target position is
set at one of multiple focusing proposed positions
based on the detection of the focusing detecting unit
and an operation in which the target position is set at
an end in the direction of the in-focus point, based on
the contrast evaluating value at a position of the
focus lens unit and the contrast evaluating value at a
position different from the position of the focus lens
unit.

An automatic focusing apparatus according to claim 1,
wherein the focus driving unit drives the focus lens
unit at an arbitrary speed so that the focus lens unit
reaches the target position at a timing at which the
contrast evaluating value is updated.

An automatic focusing apparatus according to claim 1,
wherein, when the cyclic pattern determining unit
determines that the object has the cyclic pattern, the
target position setting unit sets the target position
based on, among multiple focusing proposed‘positions
based on the detection of the focusing detecting unit,
a focusing proposed position located further in the
direction of the in-focus point than a position of the
focus lens unit and closest to the position of the
focus lens unit.

An automatic focusing apparatus according to any one of
claims 1 to 4, wherein the focusing determining unit
determines whether or not the in-focus state is
achieved by comparing the contrast evaluating value at
a focusing proposed position based on the detection of
the focusing detecting unit with a predetermined
threshold value.

An automatic focusing apparatus according to any one of
claims 1 to 4, wherein the focusing determining unit

determines whether or not the in-focus state is
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achieved based on the contrast evaluating value at a
focusing proposed position based on the detection of
the focusing detecting unit and the contrast evaluating
value in a neighborhood of the focusing proposed
position.

An automatic focusing apparatus according to any one of
claims 1 to 6, wherein, when a position of the focus
lens unit is located further on an infinite side than a
middle point in a movable range of the focus lens unit,
the focusing direction determining unit determines that
the direction of the in-focus point is a direction
toward a close side and, when the position of the focus
lens unit is located further on the close side than the
middle point in the movable range, the focusing
direction determining unit determines that the
direction of the in-focus point is a direction toward
an infinite side.

An automatic focusing apparatus according to any one of
claims 1 to 6, wherein,'when a position of the focus
lens unit is located further on an infinite side than
multiple focusing proposed positions based on the
detection of the focusing detecting unit, the focusing
direction determining unit determines that the
direction of the in-focus point is a direction toward a
close side and, when the position of the focus lens
unit is located further on the close side than the
multiple focusing proposed positions based on the
detection of the focusing detecting unit, the focusing
direction determining unit determines that the
direction of the in-focus point is a direction toward
an infinite side.

An automatic focusing apparatus according to any one of
claims 1 to 6, wherein the focusing direction
determining unit determines the direction of the in-
focus point based on the contrast evaluating value at a

position of the focus lens unit and the contrast



WO 2011/090181 40 PCT/JP2011/051152

evaluating value at a position different from the

position of the focus lens unit.



PCT/JP2011/051152

WO 2011/090181

1122

HOLIMS

102
Y
1NN
_ _ | LINNONILNINOD
= ONILAJAOD SH904 === INnoIY $n5043
A%\ A [} A%\
LEL el vel gel
\n Wy
TINN TINN NN |
ONISSIO0Nd ONILNINOD SND04 = ONITTOMLNOD
BREELT JON3Y34310 3SVHd SNIT
1 R
0gl |
NETING
eL’
&M\ 2\ 2yl
ovl o i "
1INN ONILO3LAA
SN0 |25y,
X
00}

} Old



PCT/JP2011/051152

WO 2011/090181

2122

FIG. 2A

lllllllllllllll

© T T 77T
O~ | €= T O\~ 1
o BT S S|V I S
W STl T 7T
O | =T 1O\ 1 1
w0 Lo Lo

===1 r===9 r===19
S T &
w o o
™ e TTTen 77T
O~ 1e= 1O\ —1 '
w0 o o !
N Ty TN T
O 1 § T T 1O~ '
w o o !
= e e T
O~ | =~ t O\ ~1 1
5 [} _5 1 _5 ] 1

lllllllllllllll

FIG. 2B

lllll

lllll

IIIII

lllll

lllll

lllll




WO 2011/090181

FIG.

3/22

PCT/JP2011/051152

3 (' START )
K] S$101
DETECT IS
FOCUS POSITION F(0)
Y
SELECTFOCUS  |s>102
DETECTING AREA
Y
COMPUTE 5103
PHASE DIFFERENCE
$120
CYCLIC NO
PATTERN?
VEs /v§121 I S150
DETERMINE CARRY OUT NORMAL
FOCUSING DIRECTION || || HYBRID AUTOFOCUS
y
$122
SETFOCUSING [
PROPOSED POINT i
>V
COMPUTE 5123
DEFOCUS AMOUNT
(POSITION, VELOCITY)
Y <5124
FOCUS DRIVE F()
SET NEXT |sS141
FOCUSING Y 5195
PROPOSED COMPUTE CONTRAST |5
POINT TO | EVALUATING VALUE V(i)

[}

DETERMINING FOR

IN-FOCUS?
(V()>a)

YES
FOCUS

$130

NUMBER OF FOCUSING
PROPOSED
POINT?

YES

Y
|




PCT/JP2011/051152

WO 2011/090181

4/22

(3NTYA ONILYNIVAZ Q3LY13HH0D "JONIYI4IA 3SVYH) = (1)O INIOd 33S0d0dd ONISNO0S

JoNTua44iq . )0 (#)2 (€)0 (2)0 (1)2
~3SYHd [ [ T | _

G 9l

NTVA ONILYNIVA Q3LV13HHO0D v

JONIY3441Q 3SYHd :(1)D
- T3Xid YOSN3S

! m ! ! m . 3ov]
1 ' | H 4 ! Y
-— 1NdLNO
“ v1vd 39N
C T T T (o= T 30w
I N
D G : |
e v Ol
T e T -



WO 2011/090181

5/22

FIG.

(CYCLIC PATTERN DETERMINATION)

S171

(NUMBER OF

PCT/JP2011/051152

6

NO

FOCUSING PROPOSED POINT)
227

YES

SEARCH MINIMUM OF
CORRELATED EVALUATING VALUE

$172

Y

SEARCH MAXIMUM OF
CORRELATED EVALUATING VALUE

\‘ S173

Y

= (MAXIMUM VALUE - MINIMUM VALUE)

(RANGE OF CORRELATED EVALUATING VALUE)

S174

S175

(RANGE OF
CORRELATED EVALUATING VALUE)
< (THRESHOLD VALUE B)?

5176
r~

Y

NO

S177
Y Yaud

STORE CYCLIC PATTERN AS RESULT

STORE NORMAL PATTERN AS RESULT

|

-l

Y
( END )




WO 2011/090181

6/22

FIG. 7

(FOCUSING DIRECTION DETERMINATION )

S181
NO

IS IN-FOCUS

PCT/JP2011/051152

POSITION INFINITE
- SIDE?

5182 5183
i { P
SET FOCUSING DIRECTION TO SET FOCUSING DIRECTION TO
CLOSE SIDE INFINITE SIDE
- |
Y
END
FIG. 8 NEIGHBORHOOD FOCUSING
PROPOSED POINT(i) SETTING
5191
INFINITE SIDE_—FOCUSING~~_ CLOSE SIDE
DIRECTION?
5192 5196
Y -~ Y -~
- SET j TO NUMBER OF
SETTO1 FOCUS PROPOSED POINT
$193 5198
SETjTOj+1} SETjTOj-1}
) 1 5194 i | S197
ISF(0) 1S F(0)

CLOSER THAN
F(j)?

YES

FARTHER THAN
F(j)?

\

i

PROPOSED

SET NEIGHBORHOOD FOCUSING

POINTi TOj

Y
( END )



PCT/JP2011/051152

WO 2011/090181

7122

(0 < (N

¢SNJO0A-NI ON

¥G1S |
INTVA ONLLYNIYAZ LSYHINOD 3LNWOD (SN0040LNY 39V
€518 I INNOWY SNJ043d 31NdN0D
p 3AINA SND04 e
2518 I
(SN0040.LNY JONFA3SHIQ ISYHd)
s LNNOWY SNJ043d 31NdINOI
1GIS T
(SNJ040.NY QIIEAH TYWHON ) 0L S|4
ZA%_ﬁwon_
IONIYI4Ia3syHd 4 NOILISOd 3S0d0¥d ONISNO04
E_z__“_z._wpoﬁ (6)d (p)d (€)d (2)d (1)4 Pzwm%o

(6)o #)o (€)o

| |

35010

()0 (1)0

(0 :INIOd @3S0d0¥d SNISND04

' 6 Ol



PCT/JP2011/051152

WO 2011/090181

8/22

(1)4 :NOILISOd 03S0d0¥d ONISNO04

(0)4
NOILISOd
JONINI4IQISYHd (LNIOd SND04-NI 3n¥L)
'SNO0A (6)4 ()4 (€)d (¢)d (1)4 szm%o _
ALINENG == | | | ]300
’ | ] ] 1 !
(0:INIOd Q3SOdOHd ONISNO04 s NI
o = : == — =~ — =
| (DA :3NTVA ONILYNTYAT LSYHLINOD ~ i Rt J(\E M JNTVA ONILYNTVAT L1SYHLINOD
N sl [sw] |
Vool UxQ)  UX9) = | NOILYNINY3LIQ
................ LN S 40 e ————— NOILOFHI]
.................. S O
(£)A INIOd ONINWYS 3oVl e | 3NTYA ONILYNTYAI LSYHLINOD
ANTYA ONILYNTVAI Y



WO 2011/090181 PCT/JP2011/051152

9/22

FOCUS 4

F(3)

V(@3)

R

F(1)

FO) 16Xn 16xn 16Xxn
ms] | Ims] | [ms]

T(0) (1) @ 10




WO 2011/090181 PCT/JP2011/051152

10/22
FIG. 13
(__START )

K

i

DETECT 5101
FOCUS POSITION F(0)
Y

SELECT FOCUS
DETECTING AREA

Y

COMPUTE
PHASE DIFFERENCE

53102

5103

5120
NO

CYCLIC
PATTERN?

S121 S150
YES

Y ~

DETERMINE CARRY OUT NORMAL
FOCUSING DIRECTION HYBRID AUTOFOCUS

K|
COMPUTE
DEFOCUS AMOUNT
Y

FOCUS DRIVE

Y

STORE CONTRAST
EVALUATING VALUE

Y

COMPUTE CONTRAST
EVALUATING VALUE

5210

58124

S211

58125 4

5130

IN-FOCUS?
(V()> )

YES




WO 2011/090181

117122

FIG. 14

('COMPUTE DEFOCUS AMOUNT )

Y

PCT/JP2011/051152

DETECT FOCUS POSITION

S211

FOCUSING NEIGHBORHOOD DETERMINATION
CONTRAST EVALUATING VALUE
(CURRENT VALUE) > (PREVIOUS VALUE)?

* SET NEIGHBORHOOD FOCUSING
PROPOSED POINT i
S213 S214
Y r~ Y ~
SET TARGET POSITION TO SET TARGET POSITION TO
FOCUSING PROPOSED POSITION F(i) FOCUSING DIRECTION END

Iy
-}

Y

( END. )




PCT/JP2011/051152

WO 2011/090181

12122

(1) *NOILISOd G3S0d0¥d ONISND04 (2) NOILYNIWY3L3a  (0)4
(LNIOd SN204-NI 3NHL) NOLLISOd
- (94 (v)d (€)4 (¢)4 (1)4 :,_wm%o
AN == | T 350
' | (1) NOILYNINNZ LA
(n)o “ -
(€)NOILYNIWNALIA-— 1 T e oI
- “ HEPEEY BEEEE
(DA 3NIVA ONILYNIVAZ LSYHLNOD N, @A :‘w.>(\\ m INIVA ONILYNTVAI LSYHLINOD
/ sw w
\ Ux9l/s  033dSXYWSN04
................ SN A A —
.................. N S b4}
(€A LNIOd ONILNdINOD 3NTVA ONILYNTVAI LSYHINOD
NOILYNTIYAT LSYHLNOD @
INTVA ONILYNTVAT ¥



WO 2011/090181 PCT/JP2011/051152

13122
- FIG. 16
FOCUS
J:.---.----Tf‘f‘.??fﬂ??ﬂ'?.’! ....... :
T ¥ v(3)

DETERMINATION (3)

] §
F(1) - reeeeee5
F(0) |

16[ms] 16{ms] 16[ms] |
T(0) T(1) T(2) T(3)

Py
—




WO 2011/090181

14 /22

PCT/JP2011/051152

FIG. 17 _
K. 5101
DETECT s
FOCUS POSITION F(0)
 J
sELEcTFocus s 5102
DETECTING AREA
|
COMPUTE 5103
PHASE DIFFERENCE
$120
CYCLIC
PATTERN?
$310 $150
YES Y ~
DETERMINE CARRY OUT NORMAL
FOCUSING DIRECTION || || HYBRID AUTOFOCUS
Y
1
SETFOCUSING [ $122
PROPOSED POINT
NUMBER TO i
"t
COMPUTE 5123
DEFOCUS AMOUNT |
(POSITION, VELOCITY)
{ 5124
FOCUS DRIVE F(j
SET NEXT | S141
FOCUSING Y S125
PROPOSED COMPUTE CONTRAST |5
POINTTO EVALUATING VALUE V(i)
1 $130
IN-FOCUS?
(V(i) > o)
YES
FOCUS
NO .~ DETERMINING FOR
NUMBER OF FOCUSING
PROPOSED
POINT?
YES |




WO 2011/090181

15722

FIG. 18

(FOCUSING DIRECTION DETERMINATION )

Y <S3N
COMPUTE
CONTRAST EVALUATING VALUE V(0)
\ l A 5312
FOCUS DRIVE
(FORWARD DIRECTION)

Y

~S313

UTE

COMP
CONTRAST EVALUATING VALUE V(0)'

V(O)' > V(0)?

NO

PCT/JP2011/051152

YES 5315 5316
ad Y Yad
FOCUS DRIVE 1 FOCUS DRIVE 2
(FORWARD DIRECTION) (OPPOSITE DIRECTION)

_—
-}

Y
(__END )




PCT/JP2011/051152

WO 2011/090181

16 /22

(0)4
NOILISOd
JON3Y3I44I0 3SYHd
'SN004 (6)4 (v)d (€)d sz«%oar (1)4
1INIAN| - _ I _ " I _
./ _ \ | ”
(1D :3NTYA ONILYN VAT 3ONII4310 ISYH m w
oV (v)o |
(DA 3NTVA ONILYNTIVAZ LSYHINOD ™, o
o osw o /%0A
u
............... N/ NowieaLaa Nowog
.................. ]
(€A INIOd ONILNdWOD
NOILYNTVAT LSYHINOD @
INVA ONILYNTVAT

|

350710

NI
3ANTVA ONILYNIVAS LSYHLINOD

0

XY\
3NTYA ONILYATVAS LSVHELINOD



WO 2011/090181 PCT/JP2011/051152

17 122
FIG. 20
FOCUS,
INFINITE
F(3)
Tvor
AF(2) b :
P 16xn |
i Ims] |
F(1) B
F(0) 16[ms]
CLOSE ' R

™t 10



WO 2011/090181

18122

FIG. 21 S

K

PCT/JP2011/051152

DETECT
FOCUS POSITION F(0)

58101 |

Y

SELECT FOCUS
DETECTING AREA

5102

Y

COMPUTE
PHASE DIFFERENCE

5103

CYCLIC
PATTERN?

5120

S121 S150
YES r~ Yy ~
DETERMINE CARRY OUT NORMAL
FOCUSING DIRECTION || || HYBRID AUTOFOCUS
Y S122
SETFOCUSING P
PROPOSED POINT i
K
COMPUTE 5401
DEFOCUS AMOUNT
F(i) - AF
SETNEXT |sS141 1
FOCUSING [ FOCUSDRVE 15 2
PROPOSED Fi) = AF
POINTTO i ‘
A
DETERMINEBY |} S410
HILL CLIMBING
METHOD

IN-FOCUS?

FOCUS
DETERMINING FOR
NUMBER OF FOCUSING
PROPOSED
POINT?

YES

5403




WO 2011/090181

19/22

FIG. 22

QH|LL CLIMBING DETERMINATION )

Y

COMPUTE .
CONTRAST EVALUATING VALUE V(i)

5411

Y

FOCUS DRIVE F(i)

- S412

Y

COMPUTE
CONTRAST EVALUATING VALUE V(i)

-S43

Y

FOCUS DRI

VE F(j) + AF

- S414

Y

UTE

COMP
CONTRAST EVALUATING VALUE V()"

;8415

V(i) > V(iy AND
V(i) > V(i)’?

YES

5416

NO

PCT/JP2011/051152

S417
/\/

)

|

5418
/\./

FOCUSING FLAG: ON

FOCUSING

FLAG: OFF

y

FOCUS DRIVE F(j)

<S419




WO 2011/090181 PCT/JP2011/051152

20/22

V(i)

FIG. 234 1, o

1
>E<--->:

F() - AF F:(i) F() + AF

V(i

i AF | AF !
-

.-l -

F) - AF F;(i) F() + AF

FIG. 23B

F(i) - AF F;(i) F(i) + AF



PCT/JP2011/051152

WO 2011/090181

21122

(0)4

| ] NOILISOd
JONTY3 4410 ISYHd (LNIOd SNO04-Ni 3n¥L)
'SN004 ()4 (¥)4 (€)4 (2)4 (1)4° ;_m_m%o
JLINIANI = | | T T 135010
l/ [N _
()2 :3NTVA ONILYNTYAT 3ON3H3441d ISYHd !
)0V ()9

- s ER SR S S e A,

(DA :3NIVA ONILYNTIYAI LSVHINOD

\Qoo.l - - —900-
7 M/ N/
Fswg} swy) meemee_
”

INIOd ONILNdNOD

SWgL SWOL  NoILYNTVAT LSYHLNOD @

(€A

ve 9ld

3NTVA ONILYNTVAI y

NIA
3NTYA ONILYNTVAI LSYHINOD

— NOILYNIWY3130 NOILI3Id

XYW
INTVA ONILYNIVAT LSYHINOD




WO 2011/090181 PCT/JP2011/051152

22122
FoCUs,
INFINITE 16ms 16ms FOCUSING
/N/X  DETERMINATION
FRI === —— = .
16ms 16ms !
/Y ;
F2)[~mrr :
] AS ; |
F(0) , i i
i 46xn (i 16xnp 1 16xn |
CLOSE | ms] {ii fms] ¢ ms]
T(0) T(1) T(2) T(3)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2011/051152

A.  CLASSIFICATION OF SUBJECT MATTER

Int.Cl. GO2B7/28(2006.01)1, G02B7/34(2006.01)1i, GO2B7/36(2006.01)1,
G03B13/36(2006.01)i, HO04N5/232(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. GO2B7/28, G02B7/34, G02B7/36, GO3B13/36, HO04N5/232

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2011
Registered utility model specifications of Japan 1996-2011
Published registered utility model applications of Japan 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2007-264299 A (OLYMPUS IMAGEING |1—4, 6
Y CORPORATION) 2007.10.121, [o0o13)—=[0|B, 7—9
058)], Figl—11
(no family)

Y JP 10-213843 A (SONY CORPORATION) |5, 7—9
1998.08.11, [0269)]—[0272), [0316], [0
317), Fig10, 31, 35

(no family)

{™  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.

*  Special categories of cited documents: o «T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

E" earlier application or patent but published on or after the inter- “X” document of particular relevance; the claimed invention cannot

. national filing date . . . be considered novel or cannot be considered to involve an
L” document which may throw doubts on priority claim(s) or which inventive step when the document is taken alone

is cited to establish the publication date of another citation or other

special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person sl.<111ed in the art

than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

17.02.2011 01.03.2011

Name and mailing address of the ISA/JP Authorized officer 2vl4080
Japan Patent Office Takahashi Masaaki

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3271

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - wo-search-report

