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(57) Abstract: An automatic focusing apparatus includes: a focus lens unit; a focus driver; a first focus detector that detects an in-fo -
cus state based on a phase difterence; a second focus detector that detects an in-focus state using a signal from an image pickup ele -
ment; a focus controller that controls the focus driver to perform focusing based on a first focus detection result and a second focus
detection result; a movement detector that detects a movement of an object with components in a direction perpendicular to an optic -
al axis based on an image signal obtained from the first focus detector; and a re-execution determination unit that determines wheth -
er to control the focus driver to re-execute focusing based on the first focus detection result and the second focus detection result that
are newly detected after the execution of focusing and based on a movement detection result detected by the movement detector.
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DESCRIPTION
AUTOMATIC FOCUSING APPARATUS AND LENS APPARATUS
INCLUDING THE AUTOMATIC FOCUSING APPARATUS

Technical Field

[0001]The present invention relates to an automatic focusing
apparatus, and particularly, to an automatic focusing
apparatus used in a still camera, a TV camera, and a
video camera and a lens apparatus including the
automatic focusing apparatus.

Background Art

[0002]Conventionally, there are various proposals related to
an automatic focusing technique used in a still camera,
a TV camera, and a video camera.

[0003]For example, contrast based automatic focusing
(hereinafter "contrast AF") is proposed, in which high
frequency components of the image picked up by a picked
up image element is extracted and the focus position is
controlled by maximizing an evaluation value
corresponding to the sharpness of the image to perform
focusing. In the contrast AF, a search operation, that
is, changing the position of the focus lens, is
required to determine the direction of the movement of
the focus lens where the evaluation value corresponding
to the contrast of the image relative to the focus
position is the maximum and to determine the maximum
point. It is known that the focusing accuracy of the
contrast AF is high, because focusing is determined
using an image signal obtained based on an output
signal from the image pickup element that picks up an
image of an object.

[0004]So-called external measuring AF is also proposed, in
which a distance measuring sensor is arranged
independently from an image pickup lens, and the in-
focus position of the focus lens is calculated from an

obtained object distance to control the focus lens to
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perform focusing. Phase difference system automatic
focusing (hereinafter, "phase difference AF") is also
proposed, in which a split optical system splits a beam
passed through an image pickup lens, an in-focus state
with respect to the object is detected from the split
beams, and focusing is performed based on the result.

[0005]Among these, in the external measuring AF and the phase
difference AF, the beam from the object is divided into
two beams in an in-focus state detecting apparatus to
form two images on sensors. Correlation computing is
applied to photoelectrically converted signals of two
images to detect the phase difference. A defocus
amount and an object distance are calculated from the
phase difference, and the defocus amount and the object
distance are converted to a drive target position of
the focus lens to control the focus lens to perform
focusing.

[0006]In the external measuring AF and the phase difference
AF, it is known that there is no need to perform a
search operation performed in the contrast AF, and the
focusing speed is fast.

[0007]To utilize the high focusing accuracy of the contrast
AF and the high focusing speed of the external
measuring AF and the phase difference AF, a hybrid AF
system in which a combination of the contrast AF and
external measuring AF and phase difference AF is
further proposed.

[0008]To maintain the in-focus state with respect to the
target object by automatic focusing, an automatic
focusing operation needs to be executed every time the
object distance changes to cause the object being out
of focus.

[0009]In the automatic focusing apparatus including only the
contrast AF, if the evaluation value of the contrast AF
for an object for which a focusing operation was once

performed to obtain an in-focus state, decreases by a
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value greater than a predetermined value, an automatic
focusing operation is executed again (hereinafter,
focusing operation executed again after focusing will
be described as "re-execution operation”).

[0010]In this case, if the object moves without involving a
change in the object distance, such as when the object
moves in a parallel direction (horizontal direction)
relative to the imaging plane or when panning operation
is performed, the evaluation value of the contrast AF
may reduces when the object is moving while the object
is in in-focus state.

[0011])Therefore, based only on the condition that the
contrast AF evaluation value reduces by more than a
predetermined value, it is difficult to determine
whether the object distance is changed or the object
has moved without involving a change in the object
distance. The re-execution operation of AF that would
not be necessary if the object is in in-focus state is
executed, and it is significantly uncomfortable to view
the picked up image if a search operation is performed.

[0012]For example, Japanese Patent Application Laid-Open No.
2007-174521 discloses a technique of using a blur
detector to detect a change in the composition and
controlling not to perform the focus adjustment during
the change in the composition. When there is a change
in the composition during shooting of a video, such as
by panning, unstable focusing caused by the AF
following the change in the distance status of the
object in the screen can be prevented.

[0013]In the conventional technique disclosed in Japanese
Patent Application Laid-Open No. 2007-174521, the AF is
terminated during the detection of the change in the
composition. Therefore, unstable focusing can be
prevented as described above when there is panning.

[0014])However, when the object moves parallel to the imaging

plane instead of the change in the composition, the AF
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search may be performed and the focus may become
unstable if the contrast AF evaluation value reduces
during the movement of the object, because the change
in the composition is not detected.
An object of the present invention is to provide an
automatic focusing apparatus that can attain both the
stability and the followability in AF by appropriately
executing an AF re-execution operation when there is a
movement of an object or a change in a composition.
Citation List
Patent Literature
PTL 1: Japanese Patent Application Laid-Open No. 2007-
174521
Summary of Invention

[0015]An automatic focusing apparatus of the present
invention includes: a focus lens unit; a focus driver
that drives the focus lens unit; a first focus detector
that detects an in-focus state based on a phase
difference; a second focus detector that detects an in-
focus state using a signal from an image pickup
element; a focus controller that controls the focus
driver to perform focusing based on a first focus
detection result detected by the first focus detector
and a second focus detection result detected by the
second focus detector; a movement detector that detects
a movement of an object with components in a direction
perpendicular to an optical axis based on an image
signal obtained from the first focus detector; and a
re—-execution determination unit that determines whether
to control the focus driver to re-execute focusing
based on the first focus detection result and the
second focus detection result that are newly detected
after the execution of focusing and based on a movement
detection result detected by the movement detector.

[0016]The present invention can provide an automatic focusing

apparatus that can attain both the stability and the
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followability in automatic focusing.

[0017]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

[0018] [Fig. 1]Fig. 1 is a block diagram illustrating a
configuration of an automatic focusing apparatus
according to an embodiment.

[Fig. 2]Fig. 2 is a diagram for describing a concept of
phase difference detection using external measuring
sensors.

[Fig. 3]Fig. 3 is a flow chart for describing a
focusing operation according to the embodiment.

[Fig. 4]Fig. 4 is a flow chart for describing a process
of external measuring AF according to the embodiment.
[Fig. 5]Fig. 5 is a flow cart for describing a process
of contrast AF according to the embodiment.

[Fig. 6]Fig. 6 is a flow chart for describing a process
of AF re-execution determination (a contrast AF
evaluation value and an external measuring AF result)
according to the embodiment.

[Fig. 7]Fig. 7 is a flow chart for describing a process
of parallel movement detection of an object according
to the embodiment.

[Fig. 8]Fig. 8 is a diagram for describing a principle
of the parallel movement detection according to the
embodiment.

[Fig. 9]Fig. 9 is a flow chart for describing a process
of AF re-execution determination (only the contrast AF
evaluation value) according to the embodiment.
Description of Embodiments

[0019)Preferred embodiments of the present invention will now
be described in detail in accordance with the
accompanying drawings.

[0020]Fig. 1 is a block diagram illustrating a configuration

of an automatic focusing apparatus according to the
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embodiment of the present invention. In Fig. 1, the
automatic focusing apparatus of the present invention
includes a lens apparatus 100 and a camera apparatus
200.

[0021]The lens apparatus 100 includes a focus driver
including a focus lens unit 111, a focus motor 112, a
driver 113, and a focus position detector 114. The
focus motor 112 driven by the driver 113 moves the
focus lens unit 111 in an optical axis direction.

The focus position detector 114 detects the position of
the focus lens unit 111.

[0022]1The sensor imaging lenses 121 are arranged at positions
independent from an optical system where the beam
entering an image pickup element 201 described later
passes through. The beam that has entered the sensor
imaging lenses 121 is divided into two beams, and a
pair of images (hereinafter, called "two images") are
formed on the external measuring sensors 122. The
external measuring sensors 122 photoelectrically
convert the formed two images and output two image
signals.

[0023]Fig. 2 illustrates a conceptual diagram of phase
difference detection and object distance calculation
using the sensor imaging lenses 121 and the external
measuring sensors 122. The sensor imaging lenses 121
include a pair of lenses 121-1 and 121-2, and the
external measuring sensors 122 include a pair of area
sensors 122-1 and 122-2. A base length of the external
measuring sensors 122 is designated with B, a focal
length of the sensor imaging lenses 121 is designated
with f, and a phase difference between image signals
formed on the area sensors 122-1 and 122-2 is
designated with P. An object distance L, which is a
distance from the object to the sensor imaging lenses
121, can be calculated by Expression (1).

L=fxB/P ........ (1)
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[0024]Returning to the description of Fig. 1, the lens
apparatus 100 includes a CPU 130, and the CPU 130
includes a sensor controller 131, a phase difference
detector 132, a movement detector 133, a controller 134,
a contrast detector 135, a lens controller 136, and a
memory 137 described later.

[0025]The sensor controller 131 controls the external
measuring sensors 122, obtains two image signals from
the external measuring sensors 122, and outputs
waveforms of two images (waveforms expressed by signals
of two images). Based on the waveforms of two images
output by the sensor controller 131, the phase
difference detector 132 performs correlation computing
to calculate the phase difference to calculate the
object distance based on Expression (1).

[0026]In the automatic focusing apparatus of the present
invention, the sensor imaging lenses 121, the external
measuring sensors 122, the sensor controller 131, and
the phase difference detector 132 constitute a first
focus detector (external measuring AF mechanism) of a
phase difference detection system, and the contrast
detector 135 constitutes a second focus detector of a
contrast system.

[0027]Based on the waveforms of two images, the movement
detector 133 detects (determines) whether the object
has moved with components in a direction perpendicular
to the optical axis of the external measuring sensors
122. The movement of the object with components in a
direction perpendicular to the optical axis of the
external measuring sensors 122 denotes a movement of
the object with components in a direction parallel to
the imaging plane in a normal case in which the imaging
plane is arranged perpendicular to the optical axis.
The present embodiment describes a case in which the
object moves with components in a horizontal direction

of the imaging plane perpendicular to the optical axis
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(hereinafter, the movement is referred to as "parallel
movement”). A method of detecting the parallel
movement of the object will be described later.

[0028]The controller 134 serving as a focus controlling unit
outputs a command value to the lens controller 136 for
driving the focus lens unit 111 described later based
on an object distance (first focus detection result)
obtained from the phase difference detector 132 and a
contrast AF evaluation value (second focus detection
result) obtained from the contrast detector 135
described later.

[0029]The camera apparatus 200 includes the image pickup
element 201 and an image processor 202. The image
pickup element 201 receives a beam passed through the
optical system including the focus lens unit 111 and
photoelectrically converts and outputs the beam. The
image processor 202 converts the photoelectrically
converted signal to an image signal and outputs the
image signal to the lens apparatus 100.

[0030]The contrast detector 135 of the lens apparatus 100
obtains the image signal from the image processor 202
of the camera apparatus 200. The contrast detector 135
further extracts high frequency components from the
obtained image signal to calculate a contrast AF
evaluation value used to determine the focus. The lens
controller 136 moves the focus lens unit 111 to the
target position in the optical axis direction through
the driver 113 and the focus motor 112.

[0031]The memory 137 stores information necessary for the
controller 134 (re-execution determination unit) to
determine whether to perform a re-execution operation
of AF, such as the waveforms of two images obtained
from the external measuring sensors 122, the object
distance obtained by the phase difference detector 132,
the contrast AF evaluation value obtained by the

contrast detector 135, and the focus position.
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[0032]A flow of a series of AF operations of the automatic
focusing apparatus according to the present embodiment
will be described with reference to flow charts and
drawings of Fig. 3 and subsequent drawings. Fig. 3
illustrates a flow of processes of the AF operations
according to the present embodiment. The CPU 130
controls the processes according to a computer program
stored in a memory not illustrated. When the power of
the lens apparatus 100 is turned on, the CPU 130
executes the processes from step S110. The automatic
focusing apparatus according to the present embodiment
attains an in-focus state for the target object by way
of steps S110 to S170. If it is determined that re-
execution of the AF operation is necessary in step S190
or S200, the process is executed again from step S110.

[0033]Hereinafter, the processes will be sequentially
described.

In step S110, the controller 134 initializes the
information necessary for re-execution determination,
such as the waveforms of two images of the external
measuring AF, the object distance, the contrast AF
evaluation value, and the focus position, stored in the
memory 137.

[0034]In step S120, the external measuring AF mechanism
calculates the focus target position. External
measuring target position calculation of step S120 will
be described with reference to the flow chart of Fig. 4.

[0035]In step S121 of Fig. 4, the phase difference detector
132 calculates the phase difference by correlation
computing based on the obtained waveforms of two images.
At this point, waveforms of two images Wl are stored in
the memory 137.

[0036]In the correlation computing, a coincidence between two
images indicating a degree of coincidence between image
shapes of the waveforms of two images is taken into

consideration. The coincidence between two images is
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obtained in the process of the correlation computing.
The larger the coincidence between two images is, the
higher the reliability of the correlation computation
result is.

[0037]Therefore, if an external measuring AF reliability
value 1is greater than a predetermined value, the
correlation computation result is reliable. If the
external measuring AF reliability value is smaller than
the predetermined value, the correlation computation
result is not reliable. 1In the present embodiment, the
coincidence between two images will be called an
external measuring AF reliability value. The first
focus detector outputs the external measuring AF
reliability value, the waveforms of two images, and the
object distance as the first focus detection result
which is information which relates to the in-focus
state detection.

[0038]In step S122, if the external measuring AF reliability
value is greater than the predetermined value, the
process proceeds to step S123. If the external
measuring AF reliability value is equal to or smaller
than the predetermined value, the focus target position
based on the external measuring AF is not calculated,
and the process proceeds to step S130 of Fig. 3.

[0039]In step S123, the phase difference detector 132
calculates an object distance D1 of the object, not
illustrated, by Expression (1) based on the phase
difference.

[0040]In step S124, the controller 134 calculates a focus
target position Pt corresponding to the object distance
D1 calculated in step S123. The focus target position
is obtained using the object distance D1 calculated in
step S123 and a table stored in a program not
illustrated. The controller 134 stores the object
distance D1 in the memory 137. The process then
proceeds to step S130 of Fig. 3.
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[0041]The process proceeds to step S130 of Fig. 3, and if the
external measuring AF reliability value is greater than
the predetermined value, the process proceeds to step
$140. 1In step S140, an external measuring AF OK flag
is set to ON indicating that the external measuring AF
is reliable, and the process proceeds to step S160.

[0042]If the external measuring AF reliability value is equal
to or smaller than the predetermined value in step S$130,
the process proceeds to step S150. The external
measuring AF OK flag is set to OFF, and the process
proceeds to step S170.

[0043]In step S160, the lens controller 136 drives the focus
lens unit 111 to the focus target position Pt obtained
in step S124 through the driver 113 and the focus motor
112.

[0044]In step S170, a focusing operation by the contrast AF
is performed. The contrast AF of step S170 will be
described with reference to the flow chart of Fig. 5.

[0045]In step S171, the controller 134 performs, at the
current focus position, a wobbling operation, that is,
an operation in which the focus position is moved to
the near side direction and to the infinity direction,
to determine the driving direction of the focus lens
unit 111 in which the contrast AF evaluation value
becomes large.

[0046]In step S172, the focus target position is updated to a
position separated by a predetermined sampling interval.

[0047]In S173, the lens controller 136 drives the focus lens
unit 111 toward the focus target position obtained in
step S172.

[0048]In step S174, the contrast detector 135 extracts high
frequency components from the image signal obtained
from the image processor 202 to calculate the contrast
AF evaluation value.

[0049]In step S175, whether the contrast AF evaluation value

obtained in step S174 is the maximum value is
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determined. Steps S171 to S175 are so-called hill-
climbing detection, and the search operation is
repeated until the maximum value is detected.

[0050]If the maximum value is detected in step S175, the
process proceeds to step S176. In step S176, the lens
controller 136 drives the focus lens unit 111 to the
focus position where the maximum value is indicated.
The focus position serves as the in-focus point.

[0051]In step S177, the controller 134 stores an in-focus
contrast AF evaluation value V1 in the memory 137. The
process then proceeds to step S180.

[0052]In step S180, the controller 134 proceeds to a re-
execution determination 1 of step S190 if the external
measuring AF OK flag stored in the memory 137 is ON and
proceeds to a re-execution determination 2 of step 5200
if the external measuring AF OK flag is OFF.

[0053]If it is determined that the re-execution of the AF
operation is necessary in step S190 or S200 based on a
newly detected object distance (first focus detection
evaluation value) and a contrast AF evaluation value
(second focus detection evaluation value) after the
adjustment of focus and focusing of the object in step
S170, the process is executed again from step S110.

[0054]The re-execution determination 1 of step S190 will be
described using a flow chart of Fig. 6.

[0055]In step S191, the contrast detector 135 executes the
same process as in step S174 and calculates a contrast
AF evaluation value Vnow.

[0056]In step S192, the controller 134 compares the in-focus
contrast AF evaluation value V1 stored in step S177 of
Fig. 5 with the contrast AF evaluation value Vnow
calculated in step S$191, and if the difference
(variation amount) between V1 and Vnow is equal to or
smaller than a threshold value ThVl (equal to or
smaller than the first predetermined wvalue), the

process returns to step S191. It is determined at this
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point that there is no change in the position of the
object from when the object is focused in step S180.
If the difference between V1 and Vnow is greater than
the threshold value ThV1l, the process proceeds to step
S193.

[0057]The threshold value ThVl is a threshold value for
determining, for the object focused in step S176, that
there is a possibility that the object is out of focus,
and it is desirable that the threshold value ThV1 be a
relative value with respect to V1, such as 20% of the
contrast AF evaluation value V1 in the in-focus state.
An appropriate value may be set in each case for the
threshold value ThV1l according to the imaging
environment, or a fixed value may be written in a
program in advance and used.

[0058]In step 5193, the phase difference detector 132
executes the same process as in step S121 based on the
waveforms of two images obtained through the external
measuring sensors 122 and the sensor controller 131 and
calculates the phase difference by correlation
computing. At this point, waveforms of two images Wnow
are stored in the memory 137.

[0059]In step S194, the phase difference detector 132
executes the same process as in step S123 and
calculates an object distance Dnow from the phase
difference.

[0060]In step S195, the controller 134 compares the object
distance D1 in the in-focus state by the external
measuring AF stored in step S123 with the object
distance Dnow calculated in step S194. If the absolute
value of the difference (variation amount) between D1
and Dnow is greater than a threshold value ThD (second
predetermined value), it is determined that the re-
execution of AF is necessary, and the process returns
to step S110 of Fig. 3. The process is executed when
the object moves, the object distance changes, and the
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focus state becomes out of focus.

[0061]If the absolute value of the difference between D1 and
Dnow is equal to or smaller than the threshold value
ThD (equal to or smaller than the second predetermined
value), it is determined that the object distance is
not changed or that the change in the object distance
is within the focusing range, and the process proceeds
to step S196.

[0062]The threshold value ThD is a distance from the position
of the object to the edge of the depth of field beyond
which the object would be out of focus. An appropriate
value may be set each time for the threshold value ThD
according to the depth of field determined from the
focal length, an aperture value, and the like of the
optical system not illustrated, or a fixed value may be
written in a program in advance and used.

[0063]In step S196, the movement detector 133 detects whether
the object has moved with components parallel to the
imaging plane (hereinafter, described as "parallel
movement detection”") from step S121 to step S193 based
on the waveforms of two images W1l stored in step S121
and the waveforms of two images Wnow stored in step
S193.

[0064]The parallel movement detection of step S196 will be
described with reference to Figs. 7 and 8.

[0065]1In step S1961 of Fig. 7, an index (coordinates) Idx Wl
of a pixel indicating the maximum value of the
brightness level in the waveforms of two images Wl
stored in step S122 is calculated.

[0066]In step S1962, an index Idx Wnow of a pixel indicating
the maximum value of the brightness level in the
waveforms of two images Wnow obtained in step S193 is
calculated.

[0067] (a) of Fig. 8 illustrates the waveforms of two images
Wl in step S121 of Fig. 3. (b) of Fig. 8 illustrates

the waveforms of two images Wnow of the object moving
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to the right without involving a change in the object
distance in step S193. Only one of the waveforms of
two images is illustrated. The vertical axis indicates
the brightness level, and the horizontal axis indicates
pixels of the external measuring sensors.

[0068]In step S1963, the indices of the pixels obtained in
steps S1961 and S1962 are compared. As a result of the
comparison, if there is a difference between Idx Wl and
Idx Wnow as in Fig. 8, the process proceeds to step
S1964, and a parallel movement flag is set to ON. On
the other hand, if Idx Wl and Idx Wnow are equal, the
process proceeds to step S1965, and the parallel
movement flag is set to OFF. The process then proceeds
to step S197 of Fig. 6.

[0069]If the parallel movement flag is ON in step S197 of Fig.
6, the process returns to step S191, and the re-
execution determination 1 is executed again. For
example, the process is executed while the object is
moving in a direction not involving a change in the
object distance.

[0070]If the parallel movement flag is OFF in step S197, the
process proceeds to step S5198.

[0071]In step S198, the controller 134 compares the contrast
AF evaluation value V1 stored in step S177 of Fig. 3
with the contrast AF evaluation value Vnow obtained in
step S191.

[0072]If the difference (variation amount) between V1 and
Vnow is equal to or smaller than a threshold value ThV2
(equal to or smaller than a third predetermined value)
that is greater than the threshold value ThVl, the
process returns to step S191, and the re-execution
determination 1 is executed again. For example, the
process 1is executed when the brightness of the object
or the brightness of the surrounding is reduced while
the position of the object is not changed.

[0073]0n the other hand, if the difference between V1 and
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Vnow is greater than the threshold value ThvV2, it is
determined that the imaging scene is changed and that
the situation is changed from when the object is
focused in step S$180 (change in the composition is
finished), and the process returns to step S110 of Fig.
3 to re-execute the AF. In general, the contrast AF
evaluation value often significantly decreases when the
imaging scene is changed. The value of the threshold
value ThV2 needs to be a value greater than the
threshold value ThVl to detect the change in the
imaging scene and the change in the imaging target
object (completion of the change in the composition).

[0074]A flow of the process when the process proceeds to the
re—-execution determination 2 of step S200 will be
described with reference to a flow chart of Fig. 9.
Since the external measuring AF reliability value
decreases when the contrast of the object is low, only
the contrast AF evaluation value is used to perform the
re-execution determination by a known method. An
example will be described here.

[0075]In step S201 of Fig. 9, the contrast detector 135
calculates the contrast AF evaluation value. The same
process as in step S174 is executed to calculate the
contrast AF evaluation value Vnow.

[0076]In step S202, the controller 134 compares the in-focus
contrast AF evaluation value V1 stored in step S177 of
Fig. 3 with the contrast AF evaluation value Vnow
calculated in step S201. If the difference between V1
and Vnow is greater than a threshold value ThV3 in step
S202, the process proceeds to step S203.

[0077]1In step S203, a counter i for counting the number of
times that the difference between V1 and Vnow has
exceeded the threshold value is incremented. It is
desirable that the threshold value ThV3 be a value
equal to the threshold value V1 described above.

[0078]In step S205, whether the number of times the
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difference has exceeded the threshold value is greater
than a predetermined number of times is determined. If
the number is greater than the predetermined number of
times, it is determined that the object is completely
out of focus or that the imaging scene i1s changed
(change in the composition is finished). The process
returns to step S110 of Fig. 3 to perform the re-
execution of the AF.

On the other hand, if the number is not over the
predetermined number of times, it is determined that
the composition is being changed, and the process
proceeds to step S206.

[0079]1In step S206, if the difference between V1 and Vnow is
greater than a threshold value Thv4 (>ThV3), the
process returns to step S110 of Fig. 3 to perform the
re-execution of the AF regardless of the number of
times the difference between V1 and Vnow has exceeded
the threshold value.

[0080]0n the other hand, if the difference between V1 and
Vnow is equal to smaller than the threshold value ThV4,
the process returns to step S201, and the process of
the re-execution determination 2 is executed again.

The threshold value ThV4 is a threshold value for
determining that the object focused in step S176 is
completely out of focus or that the imaging scene is
changed (change in the composition is finished). The
threshold value ThV4 needs to be a value greater than
the threshold value ThV3.

[0081]In step S202, the controller 134 compares the contrast
AF evaluation value V1 stored in step S170 of Fig. 3
with the contrast AF evaluation value Vnow calculated
in step S201. If the difference is equal to or smaller
than the threshold value ThV3, the process proceeds to
step S204 to clear i. The process returns to step S201
to execute the process of the re-execution

determination 2 again.
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[0082]As described, according to the present embodiment, the
re-execution of the AF can be immediately performed
when the object distance is changed and the target
object becomes out of focus after the object is focused.

[0083]Even when the contrast AF evaluation value decreases
due to panning of the image pickup apparatus in
addition to when the object moves without involving a
change in the object distance, unstable focusing caused
by a search operation can be prevented by continuing
the re-execution determination process of the AF if the
in-focus state is maintained.

[0084]Furthermore, according to the present embodiment,
whether to perform the re-execution operation of the AF
is determined by comparing three elements, the change
in the contrast AF evaluation value, the change in the
object distance, and the parallel movement, with those
when the object is in focus. More specifically, the
object distance of the AF, the contrast AF evaluation
value, and the like are also detected during the re-
execution determination. The detection system is
always operating, and the re-execution operation can be
immediately performed if the re-execution of the AF is
necessary.

[0085]1In this way, an automatic focusing apparatus that can
attain both the stability and the followability in the
AF can be provided.

[0086]) As for the setting method of the threshold wvalues ThVl,
Thv2, and ThD described in the present embodiment, the
threshold values may be automatically set based on the
external measuring target position calculation of step
S120 or the results of computation performed in the
contrast AF focusing operations of step S170, or
arbitrary values may be able to be set from the outside.
Enabling to arbitrarily set the threshold values allows
flexibly changing the threshold values in accordance

with imaging conditions, such as indoor image pickup,
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outdoor image pickup, and night time image pickup, as
well as features of a connected image pickup apparatus,
and picking up image in excellent conditions can be
realized.

[0087]In the present embodiment, although the indices of the
pixels with the maximum values of brightness level
indicated by the waveforms in the waveforms of two
images Wl stored in step S121 and the waveforms of two
images Wnow stored in step S193 are compared in the
method of parallel movement detection in the
description, the following method may be used.

[0088]For example, indices (coordinates) of pixels at the
centers of gravity of the waveforms in the waveforms of
two images Wl stored in step S121 and the waveforms of
two images Wnow stored in step S193 may be compared.

[0089]For example, when there is a phase difference as a
result of correlation computing of W1l and Wnow
illustrated in Fig. 8, it may be determined that the
object has moved parallel. More specifically, it can
be determined that the object has moved parallel when a
phase difference is obtained as a result of correlation
computing of waveforms at a plurality of different
times. In this way, the parallel movement can be
highly accurately detected even if the image shapes of
Wl and Wnow do not completely match each other.

[0090]In the present embodiment, although the driving
direction of the focus lens unit 111 is determined by
the wobbling operation in step S171 of Fig. 5, the
driving direction may be determined based on the focus
target position Pt calculated in step S124 of Fig. 4.

[0091]Although the power of the lens apparatus 100 is turned
on, and an in-focus state for the target object is
obtained through steps S110 to S180 of Fig. 3 in the
description of the present embodiment, the present
invention is not limited to the processing procedure

and the processing content. The in-focus state for the
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target object may be obtained only by the contrast AF

or only by the external measuring AF. More
specifically, a method of obtaining, when the object is
focused, the object distance D1, the contrast AF
evaluation value V1, and the waveforms of two images W1,
which are values necessary for the re-execution
determination 1 of step S190 and the re-execution
determination 2 of step S200, can be adopted.

[0092]In the present embodiment, an example of the object
moving to the right without involving a change in the
object distance is illustrated in Fig. 8, a movement of
the object moving in the vertical direction may also be
detected depending on the angle of attaching the
external measuring sensors 122.

[0093]Although an example of configuration based on the
external measuring AF (non-TTL phase difference AF) is
illustrated in the present embodiment, the same
advantageous effects can be obtained in a configuration
based on TTL phase difference AF.

[0094]1A1lthough the exemplary embodiment of the present
invention has been described, the present invention is
not limited to the embodiment, and wvarious
modifications and changes can be made within the scope
of the present invention.

[0095]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.

[0096]This application claims the benefit of Japanese
Patent Application No. 2010-281466, filed December 17,
2010, which is hereby incorporated by reference

herein in its entirety.



(1]

(2]

21

WO 2012/081647 PCT/JP2011/078979

CLAIMS
An automatic focusing apparatus comprising:
a focus lens unit;
a focus driver that drives the focus lens unit;
a first focus detector that detects an in-focus state
based on a phase difference;
a second focus detector that detects an in-focus state
using a signal from an image pickup element;
a focus controller that controls the focus driver to
perform focusing based on a first focus detection
result detected by the first focus detector and a
second focus detection result detected by the second
focus detector;
a movement detector that detects a movement of an
object with components in a direction perpendicular to
an optical axis based on an image signal obtained from
the first focus detector; and
a re-execution determination unit that determines
whether to control the focus driver to re-execute
focusing based on the first focus detection result and
the second focus detection result that are newly
detected after the execution of focusing and based on a
movement detection result detected by the movement
detector.
The automatic focusing apparatus according to claim 1,
wherein
the re-execution determination unit does not re-execute
focusing if a variation amount of the second focus
detection result newly detected after the execution of
focusing with respect to the second focus detection
result in an in-focus state is equal to or smaller than
a first predetermined value.
The automatic focusing apparatus according to claim 1,
wherein
the re-execution determination unit re-executes

focusing if the variation amount of the second focus
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detection result newly detected after the execution of
focusing with respect to the second focus detection
result in an in-focus state is greater than a first
predetermined value, and a variation amount of the
first focus detection result newly detected after the
execution of focusing with respect to the first focus
detection result in the in-focus state is greater than
a second predetermined value.

The automatic focusing apparatus according to claim 1,
wherein

the re-execution determination unit does not re-execute
focusing if the variation amount of the second focus
detection result newly detected after the execution of
focusing with respect to the second focus detection
result in an in-focus state is greater than a first
predetermined value, the variation amount of the first
focus detection result newly detected after the
execution of focusing with respect to the first focus
detection result in the in-focus state is equal to or
smaller than a second predetermined value, and the
movement detector detects the movement of the object
with components in the perpendicular direction.

The automatic focusing apparatus according to claim 1,
wherein

the re-execution determination unit re-executes
focusing if the variation amount of the second focus
detection result newly detected after the execution of
focusing with respect to the second focus detection
result in an in-focus state is greater than a first
predetermined value, the variation amount of the first
focus detection result newly detected after the
execution of focusing with respect to the first focus
detection result in the in-focus state is equal to or
smaller than a second predetermined value, the
movement detector does not detect the movement of the

object with components in the perpendicular direction,
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and the variation amount of the second focus detection
result newly detected after the execution of focusing
with respect to the second focus detection result in
the in-focus state is greater than a third
predetermined value.

The automatic focusing apparatus according to claim 1,
wherein

the re-execution determination unit does not re-execute
focusing if the variation amount of the second focus
detection result newly detected after the execution of
focusing with respect to the second focus detection
result in an in-focus state is greater than a first
predetermined value, the variation amount of the first
focus detection result newly detected after the
execution of focusing with respect to the first focus
detection result in the in-focus state is equal to or
smaller than a second predetermined value, the
movement detector does not detect the movement of the
object with components in the perpendicular direction,
and the variation amount of the second focus detection
result newly detected after the execution of focusing
with respect to the second focus detection result in
the in-focus state is equal to or smaller than a third
predetermined value.

The automatic focusing apparatus according to claims 1,
wherein

the movement detector determines that the object has
moved with components in the perpendicular direction
when coordinates of a maximum value of brightness
indicated by waveforms for calculating the phase
difference change.

The automatic focusing apparatus according to claims 1,
wherein

the movement detector determines that the object has
moved with components in the perpendicular direction

when coordinates of centers of gravity of the waveforms
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for calculating the phase difference change.

The automatic focusing apparatus according to claims 1,
wherein

the movement detector determines whether the object has
moved with components in the direction perpendicular to
the optical axis based on the phase difference obtained
by applying correlation computing to the waveforms at a
plurality of different times.

A lens apparatus comprising the automatic focusing

apparatus according to any one of claims 1 to 9.
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FIG. 5
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