-1 - DESCRIPTION AUTOFOCUS-CONTROL DEVICE AND
AUTOFOCUS-CONTROL METHOD, RECORDING MEDIUM, AND
PROGRAM Technical Field [0001] The present invention relates to an
autofocus-control device and an autofocus-control method, a recording
medium, and a program, and particularly relates to an autofocus- control
device and an autofocus-control method, a recording medium, and a
program that can increase an autofocus- response characteristic by
performing high-speed exposure and high-speed wobbling-focusing
driving. Background Art [0002] Fig. 1 is a block diagram showing an
example configuration of a kn ' era. [0003] A lens block 1
including a zoom lens 2 and a&?jc\elc%% %%%fwnakes light (that is, an image

of asubjestuincidantipom AN iragerpickusensar-4:chhe imagepickyp
sensor 4 includes photoelectric-conversion elements arranged in a
two-dimensional mahReRRAHerefine pHototldttiiéée¥rsion elements
include a CCD (Charge Coupled Devices) imager and/or a C-MOS
(Complementary Metal Oxide Semiconductor) 2

Technical Field

[0001]

The present invention relates to an autofocus-control
device and an autofocus-contrcl method, a recording medium,
and a program, and particularly relates to an autofocus-
control device and an autofocus-control method, a recording
medium, and a program that can increase an autofocus-~
response characteristic by performing high-speed exposure
and high-speed wobbling-£focusing driving.

Background Art
[6002]

Fig. 1 is a block diagram showing an example
configuration of a known video camera.
[0003]

A lens block 1 including a zoom lens 2 and a focus lens
3 makes light (that is, an image of a subject) incident upon
an image-pickup senscor 4. The image-pickup sensor 4
includes photoelectric-conversion elements arranged in a
two-dimensional manner, where the photoelectric-conversion
elements include a CCD {(Charge Coupled Devices) imager

and/or a C-MOS (Complementary Metal Oxide Semiconductor)



imager and perform photoelectric conversion. A primary- color filter (not
shown) is mounted on the front face of the image-pickup sensor 4, where
the primary-color filter includes R, G, and B that are arranged in a mosaic
form. That is to say, the image-pickup element 4 generates an
image-pickup signal (an electrical charge) by performing photoelectric
conversion for the subject's optical image which is made incident via the
lens block 1 and the primary- color filter, and outputs the generated
image-pickup signal to a camera-sigial processing unit 5 according to the
raster-scan method. [0004] The camera-signal processing unit 5 performs
sampling processing, YC-separation processing, and so forth for the

Liigge-pickliSighal traRsfitted fom the FBYE MR sehsBr 4ibiitputs
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and a color signal C (a color-difference signal, a primary-color signal, and
isedferth) 46 amemoeryrcantrolter 3. {0605} Trergatecinit 6feXtracts only
.the signal corresponding to a focusing-detectign area provided in an
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image-pickup signal (an electrical charge) by performing
photeoelectric conversion for the subject's optical image
which is made incident via the lens block 1 and the primary-
color filter, and outputs the generated image-pickup signal
to a camera-signal processing unit 5 according to the
raster-scan method.

[0G04

The camera-signal processing unit 5 performs sampling
processing, YC-separation prcocessing, and so forth for the
image-pickup signal transmitted from the image-pickup sensor
4, outputs a brightness signal Y to a gate unit &, and
outputs the brightness signal Y and a cclor signal C {a
color-difference signal, a primary-color signal, and so
ferth) to a memory controller 13,

[(G005]

The gate unit & extracts only the signal corresponding
to a focusing-detection area provided in an image screen
that had been prepared from ameng transmitted videec signals
and outputs the extracted signal to an AF {(autofocus)

detection unit 7. The AF-detection unit 7 captures a high-



frequency component of the input video signal corresponding to the

focusing-detection area, generates a focus-evaluation value necessary to -

achieve an autofocus by rectifying and detecting the high-frequency

component, and outputs the focus-evaluation value to an AF module 8a

of a camera controller 8. [0006] The camera controller 8 controls driving

of a lens driver 9 and an image-pickup-element driver 12 on the basis of

a manual-focus-instruction signal, a zoom-instruction signal, a

manual/autofocus-switch signal that are” transmitted from an input unit 14.

Further, the AF module 8a of the camera controller 8 controls the lens
(driver 9 so that the lens driver 9 performs aytofocus driving on the basis .
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controller 8.

(0006}

The camera controller 8 controls driving of a lens
driver 9 and an image-pickup~element driver 12 on the basis
cf a manual-focus-instruction signal, a zoom-instruction
signal, a manual/autofocus-switch signal that are
transmitted from an input unit 14. Further, the AF module
8a of the camera controller 8 controls the lens driver 2 so
that the lens driver 9 performs autcfocus driving on the
basis of two focus-evaluation values obtained from video
sigrals generated through exposures made at different focus-
lens positions.
£0007]

The lens driver 9 controls driving of a motor 10 which
drives the zoom lens 2 and that of a motor 11 which drives
the focus lens 3 under the control of the camera controller
8. The motors 10 and 11 control driving of the zoom lens 2
and/or the focus lens 3 under the control of the lens driver

9, respectively. The image-pickup-element driver 12

centrols the image-pickup senscr 4, so as to make the image-



pickup sensor 4 generate the image-pickup signal by performing
photoelectric conversion for the subject's optical image which is made
incident via the lens block 1 and the primary-color filter (not shown), and
controls driving of an electronic shutter (not shown). [0008] The memory
controller 13 temporarily stores the video signals transmitted from the
camera-signal-processing unit 5 in a memory 13a, reads the video
signals in sequence, and outputs the video signals to a display (not
shown) so that the video signals are‘diSplayed, as video. Otherwise, the
memory controller 13 outputs the video signals to a removable medium
(nat shown) so that the video signals are stored therein. The input unit 14
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{5008]

The memory controiler 13 temporarily stcres the wvideo
signals transmitted from the camera-signal-processing unit 5
in a memory 13a, reads the video signals in sequence, and
outputs the video signals to a display (not shown) so that
the video signals are displayed, as videc. Otherwise, the
memory controller 13 outputs the video signals to a
removable medium {not shown} so that the video signals are
stored therein. The input unit 14 is coperated by a user and
transmits various instruction signals transmitted from the
user to the camera controller 8.

[00G9]

In the known video camera, an autofocus is achieved by
determining the high~fregquency component of the video signal
obtained by the image-pickup senscr 4 to be the focus-
evaluation value and driving the focus-lens 3 so that the
focus-evaluation value increases, which is the sc-called
hill-climbing autofocus system.

[0010]

Here, the autofocus will be described in detail.



[0011] Fig. 2 shows an example change in the focus-evaluation value
necessary to achieve the autofocus, the focus- evaluation value being
transmitted from the AF-detection unit 7 shown in Fig. 1. In Fig. 2, the
horizontal axis (x axis) represents the focus position of the focus lens 3
and the vertical axis (y axis) represents the focus-evaluation value.
[0012] When the focus position of the focus lens 3 is moved from
direction far toward direction near, and/or from direction near toward
direction far, the focus-evaluation Vvafu€ attains the maximum value a at a
predetermined position, as shown in Fig. 2, which is usually referred to
as "the evaluation-value hill". When the focus-evaluation value attains the
taxihum value a, the focus position of the focus lens 3 becomes

focusing position, Qsofthesubiget Q013 Subseguentythe AR medulen
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(0012}

When the focus position of the focus lens 3 is moved
from direction far toward direction near, and/or from
direction near toward direction far, the focus-evaluation
value attains the maximum value a at a predetermined
position, as shown in Fig. 2, which is usually referred to
as "the evaluation-value hill". When the focus-evaluation
value attains the maximum value a, the focus position of the
focus lens 3 becomes focusing position @ of the subject.
[0013]

Subseqguently, the AF module Ba captures the focus-
evaluation value transmitted from the AF-detection unit 7
and allows for performing "hili-climbing control" so that
the focus lens 3 is moved so that the above-described
evaluation value is maximized. Further, at that time, the
AF module 8a slightly vibrates the focus position of the

focus lens 3, so as to determine in which direction the



focusing position exists on the basis of the current focus position. At that
time, an evaluation value is obtained. The AF module 8a estimates a
direction toward the focusing position according to whether a differential
component dy/dx of the evaluation value is positive or negative. Usually,
the slight vibration of the focus position is referred to as wobbling. [0014]
Next, movement-control processing performed by the AF module 8a for
the focus lens 3 will further be described with reference to a flowchart
shown in Fig. 3. Incidentally, the movement-control processing is
performed over and over again at intervals of a single field. [0015] The
AF module 8a captures the focus-evaluation value from the AF-detection
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the slight vibration of the focus position is referred to as
woebbling.
10014]

Next, movement-control processing performed by the AF
module 8a for the focus lens 3 will further be described
with reference to a flowchart sheown in Flg. 3. Incidentally,
the movement-control processing is performed over and over
again at intervals of a single field.

[0015]

The AF module 8a captures the focus-evaluation value
from the AF-detection unit 7, at step 51, and extracts the
differential component dy/dx ¢f the focus-evaluation value
and estimates the focusing-position direction, at step S2.
At step 33, the AF module 8a calculates the movement amount
{focus-movement amcunt) of the focus lens 3 on the basis of
the focus~evaluation value, sc as to bring the focus
position near to the focusing position Q {(Fig. 2), that is
to say, 50 as to achieve focus.

[ool1le]

At step 5S4, the AF module 8a determines whether or not



the movement of the focus position relating to the wobbling takes place in
a field. If it is determined that the movement of the focus position relating
to the wobbling takes place in the field, the processing advances to step
S5 so that the amount of the movement of the focus lens 3 is calculated,
the movement amount being related to the wobbling (wobbling-movement
amount). [0017] At step S4, if it is determined that the movement of the
focus position relating to the Wobblin% does not take place in the field, the
processing advances to step S6 where the AF module 8a sets the
wobbling amount to zero. [0018] At step S7, after the processing
corresponding to step S5 and/or step S6 is performed, the AF module 8a
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the motor 11 under the control of the AF module 8a. [0019] - 8
calculated, the movement amount being related to the
wobbling (wobbling-movement amount).

[0017]

At step 54, 1f it is determined that the movement of
the focus position relating to the wobbling does not take
place in the field, the processing advances to step S6 where
the AF module 8a sets the wobbling amount to zero.

[0018]

At step 87, after the processing corresponding to step
85 and/or step $6 is performed, the AF module 8a calculates
the sum of the focus-movement amount calculated through the
processing performed, at step 53, and the wobbling amount
calculated through the processing performed, at step 85
and/or step $6, and determines the sum to be the movement
amount of the focus lens 3. The AF module 8a controls the
lens driver 9 on the basis of the calculated movement amount
of the focus lens 3. The lens driver 9 moves the focus lens
3 by as much as a predetermined focus-lens movement amount
via the motor 11 under the control of the AF module 8a.

[0018]



Thus, the AF module 8a checks the differential component dy/dx of the
focus-evaluation value obtained by wobbling the focus lens 3 and moves
the focus lens 3 so that the focus position is brought near to the focusing
position, thereby achieving an autofocus. [0020] Next, operations of the
video camera shown in Fig. 1 will be described with reference to a timing
chart shown in Fig. 4. This example illustrates operations performed
when the image-pickup sensor 4 makes a single exposure per a single
field and wobbling driving is perforr’ﬁe%l at intervals of four fields. [0021]
The camera controller 8 outputs video-vertical- synchronization signals
VP1 tq?VP4 to an image- igléuc%- element driver 12 over a time period from
1o

time 1 15 fime ¥ 4tiMe Prriod fom finet2 10 %ime 1324 fitte period from
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[0020]

Next, operations of the video camera shown in Fig. 1
will be described with reference to a timing chart shown in
Fig. 4. This example illustrates operations performed when
the image-pickup sensor 4 makes a single exposure per a
single field and wobbling driving is performed at intervals
cf four fields.

(0021}

The camera ccntroller 8 outputs video-vertical-
synchronization signals VPl to VP4 to an image-pickup=-
element driver 12 over a time periocd from time tl to time t2,
a time period from time t2 to time t3, a time period from
time t3 to time t4, and a time period frem time 4 to time
t5, respectively (Fig. 4A). Fach of the time periods of the
video-vertical-synchronization signals represents the time
periocd corresponding Lo a single field.

[0022)]

The focus position of the focus lens 3 is controlled in

fields. Focus position W set by wobbling is controlled so

that the focus pesition W moves in direction far and



direction near alternately every other field at intervals of the stop period
corresponding to a single field (Fig. 4B). [0023] The
image-pickup-element driver 12 controls the image- pickup sensor 4 in
synchronization with the input video- vertical-synchronization signals VP1
to VP4 so that the image-pickup sensor 4 makes exposures exl to ex4
over a time period from time t12 to time t2, a time period from time t23 to
time t3, a time period from time t34 to time t4, and a time period from time
t45 to time t5 (Fig. 4C). [0024] The cam_era-signal processing unit 5 reads
a video signal obtained through exposure exl at timing VR2 that falls in
between time t2 and time t3 (Fig. 4D). Simjlarly, the camera-signal
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vertical-synchronization signals VPl to VP4 so that the
image-pickup sensor 4 makes exposures exl to exd over a time
pericd from time tl2 to time t2, a time period from time t23
to time t3, a time period from time t34 to time t4, and a
time period from time t45 te time t©h (Fig. 4C).

[0024]

The camera-signal processing unit 5 reads a video
signal obtained through exposure exl at timing VR2 that
falls in between time t2 and time t3 (Fig. 4D). Similarly,
the camera-signal processing unit 5 reads video signals
cbhtained through exposures ex? to ex4 at timings VR3 to VRS
(timing VRS is not shown), respectively. Subsequently, the
camera-signal processing unit 5 cobtains video signals V1 to
V4 read at the timings (Fig. 4E)}. The video signals V1 to
V4 read by the camera-signal processing unit are output to
the gate unit 6.

[0025]
In the gate unit 6, though not shown, of the video

signals transmitted from the camera-signal-processing unit 5,

only the video signal corresponding toe an AF-detection gate



frame which is a focusing-detection area provided in a screen image that
had been set is extracted and output to the AF-detection unit 7. [0026]
The AF-detection unit 7 captures a high-frequency component of the
input video signal V1 at timing where only the video signal corresponding
to the AF-detection-gate frame is extracted (hereinafter referred to as the
AF- detection-gate-frame timing), rectifies and detects the high-frequency
component, and generates a focus-evaluation value necessary to achieve
an autofocus immediately after the ,&Ig-d'etection-gate-frame timing.
Similarly, the AF- detection unit 7 captures, rectifies, and detects the high-
frequency components of the input videg signals V2 to V4 at the
A -§et‘§%ﬁ8%-glaste?frd§rﬁgutf‘rﬁfh%_, FeSpENVEly AP Jereraferta @
sfocusrevaluation value,nacessayyde-achiews: ap. autofogus immediately,
after the AF-detection-gate-frame timing. [0027] The focus-evaluation
thaludigeltdratdd by the iAF-/detection unit 7 is output to the AF module 8a
[gw‘u& camera controller 8. [0028] The AF module 8a captures the
ocus-evaluation value generated immediately after the
AF-detection-gatestramen- kit 7 captures a high-frequency

component of the input video signal V1 at timing where only
the video signal corresponding to the AF-detection~gate
frame is extracted (hereinafter referred to as the AF-
detection—-gate-frame timing), rectifies and detects the
high-frequency component, and generates a focus-evaluatiocn
value necessary to achleve an autofocus immediately after
the AF-detection-gate-frame timing. Similarly, the AF-
detection unit 7 captures, rectifies, and detects the high-
frequency components of the input video signals V2 to V4 at
the AF-detection-gate-frame timing, respectively, and
generates a focus-evaluatiocn value necessary to achieve an
autofocus inmmediately after the AF-detection-gate-frame
timing.

[0027]

The focus-evaluation value generated by the AF~
detection unit 7 is output to the AF module 8a of the camera
controller 8.

[0028]
The AF module 8a captures the focus-evaluation value

generated immediately after the AF-detection-gate-frame



timing at the timing of an AF module AF2, and captures a
focus-evaluation value generated by using a different video-
vertical-synchronization signal at the timing of an AF module AF4 (Fig.
4F). Then, the AF module 8a makes a comparison between the two
captured focus-evaluation values, generates an autofocus-control signal
LD5 so that the focus position of the focus lens 3 is brought near to the
focusing position, and outputs the autofocus-control signal LD5 to the
lens driver 9 (Fig. 4G). [0029] The leérts Ariver 9 controls driving of the
motor 11 on the basis of the input autofocus-control signals LD1 to LD5
and moves the focus, lens 3 gas much as a pre etermined
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image-pickup- element driver 12 over the time period from time tl to time -
ggperates an autofocus-control signal LD5 so that the focus
position of the focus lens 3 is brought near to the focusing
position, and outputs the autofocus-control signal LD5 to
the lens driver 9 (Fig. 4G).

[0029]

The lens driver &% controls driving of the motor 11 on
the basis of the input autofocus-contrel signals LD1 to LD5
and moves the focus lens 3 by as much as a predetermined
focus—lens-movement amount. Thus, an autofocus is achieved,
[0030]

Next, other example operations of the video camera
shown in Fig. 1 will be described with reference to a timing
chart shown in Fig. 5. This example illustrates operations
performed when the image-pickup sensor £ makes a single
exposure per a single field and wobbling driving is
perfecrmed at intervals of twe fields.

[0031]

The camera contrcller 8 ocutputs the video-vertical-

synchronization signals VPl to VP4 to the image-pickup-

element driver 12 over the time pericd from time tl to time



t2, the time period from time t2 to time t3, the time period from time t3 to
time t4, and the time period from time t4 to time t5, respectively (Fig. 5A).
Each of the time periods of the video-vertical-synchronization signals
represents the time period corresponding to a single field. [0032] The
focus position of the focus lens 3 is controlled in fields. Focus position W
set by wobbling is controlled so that the focus position W moves in
direction far and direction near alternately every other one-second of a
field at intervals of the stop period céfre3ponding to one-second of a field
(Fig. 5B). [0033] The image-pickup element driver 12 controls the image-
tgickug sensor 4 in synchronization with the input video-
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[0032]

The focus position of the focus lens 3 is controlled in
fields. Focus position W set by wobbling is controlled so
that the focus position W moves in direction far and
direction near alternately every other one-seccnd of a field
at intervals of the stop period corresponding to one-second
of a field (Fig. 5B).

[0033]

The image-pickup element driver 12 controls the image-
pickup sensor 4 in synchronization with the input video-
vertical-synchronization signals VPl to VP4 so that the
image-pickup sensor 4 makes exposures exl to exd4 over a time
period from time tl12 to time 2, a time period from time t23
to time t3, a time pericd from time t34 to time t4, and a
time period from time t45 to time t5, respectively (Fig. 5C).
[0034]

The camera-signal processing unit 5 reads the wvideo
signal cbtained through exposure exl at timing VR2Z that

falls in between time t2 and time t3 (Fig. 5D}. Similarly,

the camera-signal preocessing unit 5 reads video signals



obtained through exposures ex2 to ex4 at timings VR3 to VR5 (timing
VRS is not shown), respectively. Subsequently, the
camera-signal-processing unit 5 obtains the video signals V1 to V4 reads
at the timings (Fig. 5E). The video signals V1 to V4 read by the
camera-signal processing unit 5 are output to the gate unit 6. [0035]
Here, in the gate unit 6, though not shown, of the video signals
transmitted from the camera-signal-processing unit 5, only the video
signal corresponding to the AF- détettion gate frame which is the
focusing-detection area provided in the screen image that had been set is
extracted and output to the AF-detection unit 7. [0036] The AF-detection
Chht 7 EaptireS RhlgRFRSGUEHE EdMmpohéiit bf Hre inptitiAded Sigrid Vit
(therAk-detection- gate-framg timinghectifies and detegtsth@ient1y, the

high-frequency component, and generates a focus-evaluation value
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[66§5]

Here, in the gate unit 6, though not shown, of the
video signals transmitted from the camera-signal-processing
unit 5, only the video signal corresponding to the AF-
detection gate frame which is the focusing-detection area
provided in the screen image that had been set is extracted
and output to the AF-detection unit 7.

[0036]

The AF-detection unit 7 captures a high-freguency
component of the input video signal V1 at the AF-detection-
gate-frame timing, rectifies and detects the high-frequency
component, and generates a focus-evaluation value necessary
to achieve an autofocus immediately after the AF-detection-
gate-frame timing. Similarly, the AF-detection unit 7
captures the high-frequency components of the input video
signals V2 to V4 at the AF-detection-gate-frame timing,
respectively, rectifies and detects the high-frequency
components, and generates a focus-evaluation valus necessary

to achieve an autofocus immediately after the AF-detection=-



gate-frame timing. [0037) The focus-evaluation value generated by the
AF- detection unit 7 is output to the AF module 8a of the camera
controller 8. [0038] The AF module 8a captures the focus-evaluation
value generated immediately after the AF-detection-gate-frame timing at
the timing of an AF module AF3, and captures a focus-evaluation value
generated by using a different video- vertical-synchronization signal at the
timing of the AF module AF4 (Fig. 5F). Then, the AF module 8a makes a
comparison between the two captired focus-evaluation values, generates
the autofocus-control signal LD5 so that the focus position of the focus
lens 3 is brought near to the focusing position, and outputs the
IZufoTS&GERontrBlBignal LD5 to the lens driver 9 (Fig. 5G). [0039] The
rlemsdriver 9 controls driving of the motor 11 on the basis of the input
autofocus-control signals LD1 to LD5 and moves the focus lens 3 by as
muclTas afpredetermined: focusHens: mpyverrenteambynt FEhusT-an
autofocus is achieved. [0040] As has been described, the known video

CEaera @aptires 4 high3rediendy cdiponent 8P4 Vidés siyhat bbt&ifBaa

cdBtrolier 8.
[0038]

The AF module 8a captures the focus-evaluation value
generated immediately after the AF-detection-gate-frame
timing at the timing of an AF module AF3, and captures a
focus—evaluation value generated by using a different video-—
vertical-synchronization signal at the timing of the AF
module AF4 (Fig. 5F). Then, the AF module 8a makes a
comparison between the two captured focus-evaluation values,
generates the autofocus-control signal LDS so that the focus
position of the focus lens 3 is brought near to the focusing
position, and outputs the autofocus~control signal LD5 to
the lens driver 9 (Fig. 5G).

[0G39]

The lens driver 9 contrels driving of the motor 11 on
the basis of the input autofocus-control signals LD1 to LD5
and moves the focus lens 3 by as much as a predetermined
focus-lens-movement amount. Thus, an autofcocus is achieved.
[0040]

As has been described, the known video camera captures

a high-frequency component of a video signal obtained



through the image-pickup sensor 4, rectifies and detects the
high-frequency component, so as to generate a focus- evaluation value
necessary to achieve an autofocus, and drives the focus lens 3 so that
the evaluation value is increased. Further, the known video camera
changes the distance between the focus lens 3 and the image-pickup
sensor 4 by performing slight-wobbling-focusing driving to the extent that
the slight-wobbling-focusing driving is not conspicuous on a picked-up
image, and obtains information abodtthe hill-climbing control (e.qg.,
information used for determining the hill-climbing direction) on the basis
of a slight change in the focus-evaluation value. [0041] Incidentally, in

“PEcBHt HayRS vaTiaas TBTIBg R eiating hHUtofottSed HaEhe&TS the
hpﬁ@p%e@qm@aéeﬁ@m@@{e hayeheen,proposeddechnelagigs which
allo

w for reducing power consumption by reducing the focus-lens moving
etimee. g oreferiioPatent Bocumdt Beli042] Ratent Doounsentat]d

C,1\161 ane%% un xaminfzd Patent A%Iigcatiohn Publiclation, No. 10-239579
bisdi8s e of MYaRtISH Brobléms 1o be Sofved by the rventish™foo43] As
i has heendescribad, & single fagussavaluation valug 2 16nanges the

distance between the focus lens 3 and the image-pickup
sensor 4 by performing slight-wobbling=-focusing driving to
the extent that the slight-wobbling-focusing driving is not
conspicuous on a picked-up image, and obtains information
about the hill-climbing contrcl (e.g., informaticn used for
determining the hill-climbing direction} on the basis of a
slight change in the fcocus-evaluation value.

[G041]

Incidentally, in recent days, various technologies
relating to autofocuses have been proposed. For example,
there have been proposed technologies which allow for
reducing power consumption by reducing the focus-lens moving
time {e.g., refer to Patent Document 1}.

[0042]

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 10-238579
Disclosure of Invention
Problems to be $Solved by the Invention
[00431

As has been described, a single focus-evaluaticn value



is generated every time a single video-vertical- synchronization signal is
output. Therefore, for performing the hill-climbing control on the basis of a
slight change in the focus-evaluation value, there is a need to perform
slight-wobbling driving for a video signal between vertical signals with
different lens positions, and change the distance between the focus lens
3 and the image-pickup sensor 4. Subsequently, there is a need to
perform slight- wobbling-focusing driving at a cycle that is two times (Fig.
4) and/or four times (Fig. 5) that of the’video-vertical- synchronization
signal, whereby slight changes in an image become conspicuous due to
.an am Iitudedcaused by the wobblin drivi,nOg.%OO44 Further, since the
LI §cHanges in the'imade afe “conspicuous: the ahvpitdde of the
s wobbling driving cagngh be increased,whichyaakes itdifficult to.oltain,: n g
information about the hill-climbing control with stability. [0045] Further,
tiferelis brrdeaid tecrease tHe ratedfarrdmbgetieight ehahge Cawsed in

gt?e changg iﬁj thg.distaan between the focus Ieng and th
t ocus—evalua an value, Tnere 135 ee o) .er%ﬂrm
image-pickup sensor 4, the clﬁange eing mage%y per orn?mg e

s slight-wobbling-fecusing: dgving: Thevelose, it is;difficulttodesignand cal
manufacture the lens. 17
signals with different lens positions, and change the
distance between the focus lens 3 and the image-pickup
sensor 4. Subsequently, there is a need to perform slight-
wobbling-focusing driving at a cycle that is two times ({Fig.
4) and/or four times (Fig. 5) that of the video-vertical-
synchronization signal, whereby slight changes in an image
become conspicucus due to an amplitude caused by the
webbling driving.
[0044]

Further, since the slight changes in the image are
consplcuous, the amplitude of the wobbling driving cannot be
increased, which makes it difficult to obtain information
about the hiil-climbing control with stability.

[0G45]

Further, there is a need to decrease the rate of an
image~height change caused by the change in the distance
between the focus lens 3 and the image-pickup sensor 4, the
change being made by performing the slight-wobbling-focusing

driving. Therefore, it is difficult to design and

manufacture the lens.



[0046] Accordingly, the present invention allows for making a slight
change in an image inconspicuous and increasing the autofocus
capability. Means for Solving the Problems [0047] In a first aspect of the
invention, there is provided an autofdcus-control device including a focus
004 lens and an image- pickup sensor, the autofocus-control device
- %bmprising: image- pickup means which picks up an image of a subject in

agycle Jhatys (1/interger N) fimes a aycle. pt.an jmagevertical: . o wing
synchronization signal in synchronization with the cycle of the

s 11ighmage-vertieal-synchronizationesignat calgidation meansqdwhiel ealeulates the
a focus-evaluation value for performing an autofocus on the basis of a

autokjgha of tiedimiageicked up by the image-pickup means, and change
means which )changgs a_distance between the focus lens and the

Mean?mgaé-p%f(h}gls%%s Bn “thebadis of a plurality of the focus-evaluation

{OO@")’ﬁlues calculated by the calculation means, wherein the change means

changes the distance so that integer-A times of the cycle of the
image-verticaksyneheonization signal andinteger;B timese ofia woebblingied an
cycle are synchronized with each other when integer A and integer B

autoafsR LB AL [0828] CFhelddldulaticiimearisscalf caletilatethe an image-

. focus-evaluation value on the basis of a hl_ghgreqluenc% component .
pickup sensor, the autofocus-contro evice CTOomprising: lmage-

pickup means which picks up an image cof a subject in a cycle
that dis (1/interger N) times a cycle of an image-vertical-
synchronization signal in synchronization with the cycle of
the image-~vertical=-synchronizaticn signal, calculation means
which calculates a focus-evaluation value for performing an
autofoccus on the basis of 2z signal of the image picked up by
the image-pickup means, and change means which changes a
distance between the focus lens and the image-pickup sensor on
the basis of a plurality of the focus-evaluation values
calculated by the calculaticon means, wherein the change means
changes the distance so that integer-A times of the cycle of
the image-vertical-synchronization signal and integer-B times
of a wobbling cycle are synchronized with each other when
integer A and integer B satisfy 2 x B > A.
[oc4g]

The calculation means can calculate the focus-evaluation

value on the basls of a high~frequency component



18 of a brightness signal of the image-pickup signal. [0049] Merge
means which merges a plurality of the signals of a plurality of the images
picked up by the image-pickup means can further be provided. [0050]
Selection means which selects any dfie of a plurality of the signals of a
~ plurality of the images picked up by the image-pickup means can further
of 2 HRIrgvitedSos Y  fra SecOhE asPEd ST thé fivention there is provided
1004 autofocus-control method used for an autofocus-control device
including a focus lens and an 41 image-pickup sensor, the
autafgeusreonteol methed semprsing: i imagerpickuF stepof pigking sipof =
an image of a subject in a cycle that is (1/interger N) times a cycle of an
plurdmage-verficalisynéhonization sighdl ingyrichrohizationwith the eyele ofieans
the image-vertical-synchronization signal, a calculation step of calculating

can Lphigbvhfialicn Vailior performing an autofocus on the basis of a

[OGB(ﬂQnal of the image picked up through processing performed at the
Image-pickup step, and a change step of changing a distance between
the foctis lenrs andhike image-pieliipesensor on thenbasistofa pluralityiofty of
the focus-evaluation values calculated through processing performed at

the thedatcufation step, Whereihithe digtandélls images picked up by the

image-plickup means can further be provided.
00511

In a second aspect of the invention, there is provided an
autofocus-control method used for an autocfocus~contrecl device
inciuding a focus lens and an image-pickup sensor, the
autofocus—-control method comprising: an image-pickup step of
picking up an image of a subkject in a cycle that 1is
(1/interger ) times a cycle of an image-vertical-
synchronization signal in synchronization with the cycle of
the image-vertical-synchrenization signal, a caiculation step
of calculating a focus-evaluation wvalue for performing an
autofocus on the basis of a signal of the image picked up
through processing performed at the image-pickup step, and a
change step of changing a distance between the focus lens and
the image-pickup sensor on the basis of a plurality of the
focus-evaluation values calculated through processing
performed at the calculation step, wherein the distance 1is
changed, at the change step, so that integer-A tTimes c¢f the
cycle of the image~-vertical-synchronization signal and
integer~-B times of a wobbling cycle are synchronized with each

other when integer A and integer B satisfy 2 x B > A.



changed, at the change step, so that integer-A times of the cycle of the

image-vertical-synchronization signal and integer-B times of a wobbling

cycle are synchronized with each other when integer A and integer B

satisfy 2 x B > A. 19 [0052) In a thirdbaspect of the invention, there is

provided a recording medium storing a computer-readable program used
[005Ddy an autofocus-control device including a focus lens and an

image-pickup sensor, so as to perform autofocus-control processing, the

ptgramCoriptisihit? af tmage-piekup- Bieprot - picking tpdh imag@oPatded =

subject in a.cycle that is. (I/interger N) times a cycle of an image-vertical- . .
e O EATOR SGhel 1 S orZOn s e Sl of e es by

an dlagesvertical:synchronization-signakh @ calewation step ofcalgulatingsg  an
focus-evaluation value for performing an autofocus on the basis of a

imagsigmat biithe imagepickedup thrsughtprocessingperformedcdidhes-control
image-pickup step, and a change step of changing a distance between

ProoFRE fotiss lensand tHE iMTAgEpiRRip SERSor of the RIS oPa plitalit?of? ©F
pickihg focus-evaluation,yalues calcylated flygugh pragessing performed at. o

. . Le
the calculation step, wherein the distance’is changed, at the cchange step,
(1/1is0dhakintegerA timesefdhe gycleofthe image-vertigal-synghranizationi cal-

signal and integer-B times of a wobbling cycle are synchronized with
syncleachiethet whersinteger Aland integérBrsatisfy 2ox BwiAh the cycle of
the image-vertical-synchronization signal, a calculation step
of calculating a focus-evaluation wvalue for performing an
autofocus on the basis o¢f a signal of the image picked up
threough processing performed at the 1mage-pickup step, and a
change step of changing a distance between the focus lens and
the image~pickup sensor on the basis of a plurality of the
focus-evaluation values calculated through processing
performed at the calculation step, wherein the distance 1is
changed, at the changs step, so that integer-A times of the
cycle of The image-vertical-synchronization signal and
integer-B times of a wobbling cycle are synchronized with each

other when integer A and integer B satisfy 2 x B > A.



19a '0053] In a fourth aspect of the invention, there is provided a
program which makes a computer perform autofocus-control processing
of an autofocus-control device including a focus lens and an
image-pickup sensor, the program comprising: an image-pickup step of
picking up an image of a subject in a cycle that is (I/interger N) times a
00 3Xycle of an image- vertical-synchronization signal in synchronization with
the cycle of the image-vertical-synchronization signal, a calculation step
of taftufafing dfoéis&Fauation vitue-fof Sperforiing-af Atitofscusaivteed a

basis of,a signal of the image é)ickedttéprthrOl%g%]F%rgzgessingggrformed at

prog%ﬁgimage-plcku%asﬁgs, and a change Step ot changing adistance - —onoret

procdeiween the facus lensand-the imagerpickupsenser onthehasisofa rocus
plurality of the focus-evaluation values calculated through processing

lens performed at tiveocatculatiorpstep,nwhereinthe: distaricesis changed;, atthe an
change step, so that integer-A_times of the cycle of the

ima94mageNErticalsyhchroniZaidnt ignaParitf integérss times 8f £ WBbGlidg " 2
oso1 SREE LTI MID SN0 DO 00 I s
vert Stbject ispicked iupsiniaeycle thatis (liintergerN)timesmeycle of@ntn  the
cycle of the image-vertical-synchronization signal, a
calculation step of calculating a focus-evaluation wvalue for
performing an autofocus on the basis of a signal of the image
picked wup through processing perform@d. at the image-pickup
step, and & change step of changing a distance between the
focus lens and the image-pickup sensor on the basis of a
plurality of the focus-evaluation wvalues calculated through
processing performed at the calculaticn step, wherein the
distance i1s changed, at the change step, so¢ that integer-A
times of the c¢ycle of the image-vertical~-synchronization
signal and integer-B  times  of a wobbling cycle are

synchronized with each other when integer A and integer B

satisfy 2 x B > A.



image-vertical-synchronization signal in synchronization with the cycle of
the image-vertical-synchronization signal, a focus-evaluation value for
performing an autofocus is calculated on the basis of a signal of the
picked-up image, and a distance bétween a focus lens and an
image-pickup sensor is changed on the basis of a plurality of the

005 %alculated focus-evaluation values. At that time, the distance is changed
so that 21 _integer-A times of the cycle of the image-vertical-. . .
S RChrarEA Gl e ieber-B e o abbing Gyulé re - Picked

up  isynchropizedwithrgach other(when integer-A and integesB satish-2X B-x  an
A. Advantages [0055] Example embodiments allow for achieving an

imagautofodus; ahd particutarty akews for makirgla slightschiangedn arsimage with

] inconspicuous and increasing an autofocus capability. Brief Description of

the iy Brawings [00%8] [FiBEFFGST T & blockdiagrant skéwihgan =2anal, &

£ocu §Xample; configuratpmela knoun vidgo camera, [Fio. 2LFio- 2shansan -
example change in a focus- evaluation value necessary to achieve an

calcautofeelsclrig: 3} Figa3disa flewchad illustratingg mevement-certraly  image,
processing performed for a focus lens.

and a distance between a focus lens and an 1mage-pickup sensor

is changed on the basis of a plurality of the calculated

focus-evaluation values. At that time, the distance is changed

so that



[Fig. 4] Fig. 4 is a timing chart illustrating operations of the video camera

shown in Fig. 1. [Fig. 5] Fig. 5 is a timing chart illustrating other example

operations of the video camera shown in Fig. 1. [Fig. 6] Fig. 6 is a block

diagram showing an example configuration of a video camera according

to the present invention. [Fig. 7] Fig. 7 is a timing chart illustrating - 22
integperdtions ofithe vided caniéra shown e Fig.%6t [Fig-18% Fig i8usg timtig 1 cal-

chart jllustrating other example operations of the video camera shown in

SYNCRESTe. “[Fig. ) Fig %' a Block tiagram showind'ar eXample“cotiigtiation’ “ 1
are QlAPEISONAlcomputer. Referepce Numerals Q03 1 jens block, 2,ccqer 7

zoom lens, 3 focus lens, 4 image- pickup sensor, 5 camera-signal
sat i PFrecessingzunit,z6 gate unit, 7 AF-detection unit, 8 camera controller, 9
lens driver, 10, 11 motor, 12 image-pickup-element driver, 14 input unit,
AdvanBamemory controller, 21 high-speed exposure- and-high-speed wobbling
AF module, 22 merge/selection memory controller Best Mode for
EOO5i:arrying Out the Invention [0058] Hereinafter, embodiments of the

presentinventign Wittt s 2110w for achieving an autofocus, and

particularly allows for making a slight change 1In an 1image
inconspicuous and increasing an autcfocus capability.
Brief Description of the Drawings
[0056]

[Fig. 1] Fig. 1 1is a block diagram showing an example
configuration of a known video camera.

[Fig. 2] Fig. 2 shows an example change in a focus-
evaluation value necessary to achieve an autofocus.

[Fig. 3] TFig. 3 18 a flowchart 1llustrating movement~
control processing performed for a focus lens.

[Fig. 41 Fig. 4 ig a timing chart illustrating
operations of the video camera shown in Fig. 1.

[Fig. 51 Fig. 5 1is a timing chart 1llustrating other
example operations of the videc camera shown in Fig. 1.

[Fig. 6] Fig. © is a bplock diagram showing an example
configuration of a video camera according *tce the present
invention.

[Fig. 7] Fig. 7 is & timing chart illustrating



be described with reference to drawings. [0059] Fig. 6 is a block diagram
showing an example configuration of a video camera according to the
present invention. Here, the parts corresponding to those of a known
video camera are designated by the same reference numerals and the
descriptions thereof are omitted, as - 23 - appropriate. [0060] An
AF-detection unit 7 captures high-frequency components of a plurality of
video signals obtained by making high-speed exposures at different
focus-lens positions, generates afo ds-evaluation value necessary to
achieve an autofocus by rectifying and detecting the high- frequency
Lgom QQSQE;S’ aﬁi@gtp"%% ége foc%sfevakgjg&ionival%e to a high-speed
Xposure-and-high-speed wobbfing AFmodule 21 {fierelhafter simply
referrgdito. as an Ak gnodules2%) efia:camera centyolersB[0061) The AF
module 21 of the camera controller 8 controls a lens driver 9 on the basis
egpife o cussavdlhaficn Value: Yefetated-rBAT thesplaralityof ideo Signals

obtained thrg ghEthe high-spee expgsures made at the different
focus-Feh%"pos&litioné %o that the I(ikfns,dlo%veotirlffl %g‘rafrcr)‘rr%éogﬁflo%gﬁls arivir gi.@

configuration of a personal computer.
Reference Numerals
[0G57]

1 lens block, Z zoom lens, 3 focus lens, 4 image-
pickup sensor, 5 camera-signal processing unit, 6 gate
unit, 7 AF-detection unit, 8 camera controller, 9 lens
driver, 1€, 11 motor, 12 image-pickup—-element driver, 14
input unit, 13 memory controller, 21 high-spesed exposure-
and-high-speed wobbling AF module, 22 merge/selectiocn

memory controller

Best Mode for Carrying Out the Invention
[0058]

Hereinafter, embodiments of the present invention will
be described with reference to drawings.
[0059]

Fig. & 1s a block diagram showing an example
configuration of a video camera according to the present
invention. Here, the parts corresponding to those of a
known video camera are designated by the same reference

numerals and the descriptions thereof are omitted, as



[0062] More specifically, the AF module 21 controls the lens driver 9 so
that the lens driver 9 performs high-speed wobbling focusing driving for
focus position W of a focus lens 3 in direction far and direction near
alternately every other single-field period. Further, every time a single
video-vertical-synchronization signal is output (for every - 24 single field),
the AF module 21 controls an image-pickup- element driver 12 so that an
image-pickup sensor 4 makes a high-speed exposure with at least one
image pickup. As will be described later with reference to timing charts
shown in Figs. 7 and 8, two or four high-speed exposures are made for
ever singlé—:'efield, for example. The present invention can be achieved
Without Being‘limited to the above-described example. [0063] The
rmerge/selection memory controller 22 temporarily stores the video
signals in a memory 22a, where the video signals are obtained through a
plurafity éfedsosiieshate iper egensitghe tidldiantrgansimtred from

UEEHIrS s pogmst WS S e rengleben
meidensignats-inte:the videossignalsa cogespending to-a singledield, as
required, and outputs the video signals to a display and makes the
paﬁﬁmipgﬁemgenerates a focus-evaluation value necessary to
achieve an autofocus by rectifying and detecting the high-
frequency components, and outputs the focus-evaluation value
to a high-speed exposure-and-high-speed wobbling AF module
21 (hereinafter simply referred to as an AF module 21} of a
camera controller 8.
[0061]

The AF module 21 of the camera controller 8 contrcls a
lens driver 9 on the basis of the focus-evaluation value
generated from the plurality of video signals cbtained
through the high-speed exposures made at the different
focus-lens positions so that the lens driver 9 performs
autcfocus driving,

[0062}

More specifically, the AF module 21 controls the lens
driver 9 so that the lens driver 9 performs high-speed
wobbling focusing driving for focus position W of a focus
lens 3 in direction far and direction near alternately every

other single-field period. Further, every time a single

video-vertical-synchronization signal is output (for eveary



the video signals, as video. Otherwise, the merge/selection memory
controller 22 outputs the video signals to a removable medium so that the
removable medium stores the video signals. Further, the merge/selection
memory controller 22 not only merges the video signals obtained through
the plurality of exposures into the video signals corresponding to the
single field, but also selects a - 25 predetermined video signal (for
example, a video signal obtained through the first exposure made in the
field). [0064] Next, operations of thefideo camera shown in Fig. 6 will be
described with reference to the timing chart shown in Fig. 7. In that
example, operations performed when the image-pickup sensor 4 makes

siire BxpbsareY pebsifdletisld 1and WS vbBbing /g ’5 pelfsithed
Shintevals of 3 single fled, [0063] The camera.centiaiard outple.s

it
video-vertical- synchronization signals o VP4 to an image-pickup-
nelementdidverdd over atime periotkfiem time thtoatiment2; katime perigd 11
from time t2 to time t3, a time period from time t3 to time t4, and a time |

bpeflsd o tiine 4 T tithe 15 Fdsetively (Fig. PAN E&L of the g 7
ng%%?gjig%ggﬁeraiggs%veg@c%%ymb{%izgg@@éimgggm%tmeade for
every single field, for example. The present invention can
be achieved without being limited to the above-described
exanple.

f0063]

The merge/selection memory controller 22 temporarily
stores the video signals in a memory 22a, where the video
signals are obtained through a plurality of exposures made
per every single field and transmitted from the camera-
signal processing unit 5. Further, the merge/selection
memory controller 22 reads the video signals in sequence,
merges the video signals into the video signals
corresponding to a single field, as required, and cutputs
the video signals to a display and makes the display show
the video signals, as video. Otherwise, the merge/selection
memory controller 22 outputs the video signals to a
removable medium so that the removable medium stores the
video signals. Further, the merge/selection memory
controller 22 not only merges the video signals obtained
through the plurality of exposures into the video signals

corresponding to the single field, but also selects a



[0066] The focus position of the focus lens 3 is controlled in fields. Focus
position W set by wobbling is controlled so that the focus position W
moves in direction far and direction near alternately every other
one-fourth of a field at intervals of the stop period corresponding to
one-fourth of a field (Fig. 7B). 26 - [0067] The image-pickup element
driver 12 controls the image- pickup sensor 4 in synchronization with the
input video- vertical-synchronization signal VP1 so that the image-pickup
sensor 4 performs exposure exll a"noaéxﬁosure exl2 over a time period
from time til and time t12, and a time period from time t13 to time t2,

respectively (Fig. 7C). [0068] Similarly, the image-pickup, driver 12
R b B LBl CARLol BE SR AT e ort IS e

oy'@e@ﬂ%art@@k%%h ranization; sighals, YR 2:t0¥R4 sothat cthe; o 1d) .
image-pickup sensor 4 makes exposures ex2l and ex22 over a time

{pefibd from time t21 to time t22, and a time period from time t23 to time
t3, r%?%?gtivelgé ex gsgrseso%xilhanqr £ e3<52 over a tims%gegog I{r . tim%
t31 to Timé 3% and a fime periodefrom ime 13316 time ) respecﬁ@e‘ly,

wand expasies i@ anc-ex42 pyeradime period fromitipeddd Ao thRewn
t42, and a time period from time t43 to time t5, respectively.

in Fig. 7. In that example, operatiocons performed when the

image-pickup sensor 4 makes two exposures per a single field

and when wobbling driving is performed at intervals of a

single field.

(0065}

The camera ccntroller 8 outputs videc-vertical=-
synchronization signals VP1 to VP4 to an image-pickup-
element driver 12 over a time period from time tl1 tc time 2,
a time period from time t2 to time t3, a time period from
time t3 tc time t4, and a time period from time t4 to time
t5, respectively (Fig. 7A). FEach of the time periods of the
video-vertical~synchronization signals represents the
gingle~field pericd.
f0066]

The focus position of the focus lens 3 is controlled in
fields. Focus position W set by wobbling is controlled szo
that the focus position W moves in direction far and
direction near alternately every other ocone-fourth of a field

at intervals of the stop period corresponding to cne-fourth

of a field {Fig. 7B).



[0069] The camera-signal processing unit 5 reads a video signal obtained
through exposure exll at timing VR12 that falls in between time t12 and
time t2, and reads a video signal obtained through exposure ex12 at
timing VR21 that falls in between time t2 and time t22 (Fig. 7D). Similarly,
the camera-signal processing unit 5 reads video signals - 27 obtained
through exposures ex2| and ex22 at timings VR22 and VR3I, respectively,
reads video signals obtained through exposures ex3l and ex32 at timings
VR32 and VR41, respectively, and féads video signals obtained through
exposures ex4l and ex42 at timings VR42 and VR51 (timing VR51 is not
[ggg\glp), respectively. The video signals read by the camera-signal
processing unit 5 are temporarily stored in the memory 22a of the

mergaiselegtiga-rpemeory contrplier 22.:[0070] T he-mergeiselectionnage-
memory controller 22 merges the two video signals that are read by the
P tamstassigaakprockdsig Hhics afdtthal are tempofariyRidret itk

vé“recr{‘%izé%ﬁﬁ%% yideg, sigoal %QEL%B ”Qié‘gtt%?a%sk'l%ée field, .andiar,

selects one”of the two video sngngls, thereby obtaining video &g%al?%/l o

s Ms(d+g 47 b FHFarrexample; the énetgeiselectien memoty santroller22 =
obtains a video signal V2 by merging the video signal read

time period from time £11 and time t12, and a time period

from time t13 to time t2, respectively (Fig. 7C).

[0068]

Similarly, the image-pickup driver 12 controls the
image-pickup senscor 4 in synchronization with the input
video~vertical~synchronization signals VP2 to VP4 s¢ that
the image-pickup sensor 4 makes exposures ex2l and ex22 over
a time pericd from time t21 to time ©22, and a time period
from time t23 to time t3, respectively, exposures ex3]l and
ex32 over a time pericd from time t31l to time %32 and a time
pericd from time t33 to time té, respectively, and exposures
ex4l and ex42 over a time period from time tdl to time 142,
and a time pericd from time t43 to time t5, respectively.
[COES]

The camera-signal processing unit 5 reads a video
signal obtained through exposure ex1l at timing VR1Z that
fails in between time tl2 and time t2, and reads a video
signal obtained through expesure exl2 at timing VR21 that

fails in between time tZ and time £22 {(Fig. 7D}. Similarly,

the camera-signal processing unit 5 reads video signals



at timing VR12 with the video signal read at timing VR21, or selecting one
of the video signals. [0071] The video signal read by the
camera-signal-processing unit 5 is also output to a gate unit 6. In the gate
unit 6, though not shown, of the video signals transmitted from the
camera-signal-processing unit 5, only the video signal - 28 corresponding
to an AF-detection gate frame which is a focusing-detection area of a
screen image that had been set is extracted and output to the
AF-detection unit 7. [0072] The AF-détection unit 7 captures a
high-frequency component of each of the video signals read at timings

VR 12 and VRZ2I at timing of the AF-detectjon-gate frame, rectifies_and
R EIS e G HgERRE HoripSiers AP d Uit erffos g ™. n0° VR22 and

vigpus-evalyationyalye neeggsary; ig.achieys an-aweiqous. immediataly
after the AF-detection-gate-frame timing. Similarly, the AF-detection unit
eFroaEpturss ahighdrequendy ebmipaments of f¥e vided $ifdals read at
raade M2 £ VAL YEE2 MREL AnaaiRes Jeepestvel sl
-detection- gate-frame iiming, rectifies an detects the hlg - reauency
eoRONeNts -and generates afocusevaluation yalugineegssaryitoing
achieve an autofocus immediately after the AF-detection- gate-frame
Vﬁﬁﬁnéﬁo@qg]shown), respectively. The video signals read by
the camera-signal processing unit 5 are temporarily stored
in the memory 22a of the merge/selection-memory controller
22.
(00707
The merge/selection memory controller 22 merges the two
video signals that are read by the camera-signal-processing
unit 5 and that are temporarily stored in the memory 22a
into the wvideo signal corresponding to a single field,
and/or selects one of the two video signals, thereby
obtaining video signals V1 to V4 (Fig. 7E}.
For example, the merge/selection memory controller 22
obtains a video signal V2 by merging the video signal read
at timing VR1Z with the video signal read at timing VR21, or
selecting one of the video signals.
(00711
The video signal read by the camera-signal-processing
unit 5 is also output to a gate unit 6. In the gate unit ¢,

though not shown, of the video signals transmitted from the

camera~-signal-processing unit 5, only the video signal



The focus-evaluation value generated by the AF- detection unit 7 is output
to an AF module 21 of the camera controller 8. [0074] The AF module 21
captures the two focus-evaluation values generated at different
focus-lens positions at the timing of an AF module AF2 (Fig. 7F). Then,
the AF module - 29 21 generates an autofocus-control signal LD3 on the
basis of the two captured focus-evaluation values so that the focus
position of the focus lens 3 is brought near to the focusing position and
outputs the autofocus-control signal £D3to the lens driver 9 (Fig. 7G).
[0075] The lens driver 9 controls driving of a motor 11 on the basis of

cATput aitoforus contiol signals LD to L D4 and ymoves the focus ens 3 by
as mucn as a Breé)etermlne OCUS- ernd ﬂwovemenfnamounf. hus, an

radtofoeys is-achieved. {0046LNext, nthee example operationsiobthe.videe
camera shown in Fig. 6 will be described with reference to a timing chart
1ghéwhtiAFigI8aTRisCEaMplEMushatdd opefatiohsopeddirhed when the
{%1%T-pickup sensor 4 makes four exposures per a single field and
wobbling driving is performed at intervals of one-second of a field. [0077]
The AF-detecticn unit 7 captures a high-freguency

component of each of the video signals read at timings VR 12
and VRZ21 at timing of the AF-detection~gate frame, rectifies
and detects the high-freguency components, and generates a
focus-evaluation value necessary to achieve an autefocus
immediately after the AF-detection-gate~frame timing.
Similarly, the AF-detection unit 7 captures a high-frequency
components of the video signals read at timings VR 22, VR31,
VR32, VR41l, and VR4Z, respectively, at the AF-detection-
gate-frame timing, rectifies and detects the high-freguency
components, and generates a focus-evaluation value necessary
to achieve an autofocus immediately after the AF-detection-
gate-frame timing.

(6073}

The focus-evaluation value generated by the AF-
detection unit 7 is output to an AF module 21 of the camera
controller 8.

[0074]

The AF module 21 captures the two focus-evaluation

values generated at different focus-lens positicns at the

timing of an AF module AF2 (Fig. 7F). Then, the AF module



The camera controller 8 outputs the video-vertical- synchronization signals
VP1 to VP4 to the image-pickup- element driver 12 over the time period
from time tl to time t2, the time period from time t2 to time t3, the time
period from time t3 to time t4, and the time period from time t4 to time t5,
respectively (Fig. 8A). Each of the time periods of the
video-vertical-synchronization signals represents the - 30 - single-field
period. [0078] The focus position of the focus lens 3 is controlled in

fields. Focus position W set by Wobb‘]ziﬁgis controlled so that the focus
position W moves in direction far and direction near alternately every
other one-eighth of a field at intervals of the stop_period corresponding to

2 5ndBiGhRth-OF afield(Fg BBY 166791 TheSihidle- picktp Befithttirer ©F
A2 coptrals the, inmages pickup.sensor Ao syncheanization with the input s

video- vertical-synchronization signal VP1 so that the image-pickup
psensord mdkas exposwesiexibtolexla cverthé timre peribd from fimeitilitog

timettjilc.?_z,1 aatimeo%%ri%d grotr:r%lgr_née 1§ftg _{tligle t14,ra gme_ periqd fro_m time
PR {5 ithe t1B, Ahd A time pericd from Tie tE7 16 Bme t 1aspsdtivety “he
16rg. 8€)+40080]Singilarty; the image-pickup driver 12 controls the

[0075]

The lens driver 9 controls driving of a motor 11 on the
basis of input autofocus-control signals LD1 to LD4 and
moves the focus lens 3 by as much as a predetermined focus-
lend movement amount. Thus, an autofocus is achieved.

[0076]

Next, other example operations of the video camera
shown in Fig. 6 will be described with reference to a timing
chart shown in Fig. 8. This example illustrates operations
performed when the image-pickup sensor 4 makes four
exposures per a single field and wobbling driving is
performed at intervals of one-second of a field.

[0077]

The camera controller 8 outputs the video-vertical-
synchronization signals VP1 to VP4 to the image-pickup-
element driver 12 over the time period from time tl to time
tZ, the time period from time t2 to time t3, the time period
from time t3 to time %4, and the time period from time t4 to
time t5, respectively (¥Fig. BA). Each of the time periods

of the video-vertical-synchronization signals represents the



image-pickup sensor 4 in synchronization with the input
video-vertical-synchronization signals VP2 to V24 so that the
image-pickup sensor 4 makes exposures ex2| to ex24 over the time
period from time t2l to time t22, a time period from time t23 to time t24, a
time period from time t25 to time t26, and a time period from time t27 to
time t3, respectively, exposures ex3l to ex34 over a time period from - 31
time t31 to time t32, a time period from time t33 to time t34, a time period
from time t35 to time t36, and a tiie >Befiod from time t37 to time t4,
respectively, and exposures ex4l to ex44 over a time period from time t4l
to time t42, a time period from time t43 to time t44, a time period from
ShifE 5 0t eR28: 8Rd a time period from time t47 to time 15,
rkespectively. [0081] The camera-signal processing unit 5 reads the video
signal obtained through exposure exll at timing VR12 that falls in between
time 1Raanthtitne tids réads the video Signad obtained theouginexpodderd in
feﬁ% at timing VR13 that falls in betV\}/Deen time t|4 and time t16, reads the
vic obtametrthtoligh eXBbstre EXE3 At tithing VIRTA Hrar f4lis*iA

&0° signal
thetween time-tL6 gpd fime 42 ang teads theyyideo: sighal optaingd

through exposure ex14 at timing VR21 that falls in between time t2 and
dfifr2PofFige8D) aSimitarly; ethe carnera-sigrial processing Unitd reads e 1d
aydfgéggggkg of the stop period corresponding to one-eighth
of a field (Fig. 8B}.

[0079]

The image-pickup element driver 12 controls the image-
pickup sensor 4 in synchronization with the input video-
vertical-synchreonization signal VPl so that the image-pickup
sensor 4 makes exposures exll to exid4 over the time period
from time tl11 to time tl2, a time period from time tl13 to
time tld4, a time period from time t15 to time t16, and a
time period from time tl1l7 to time t2, respectively (Fig. 8C).
[0080]

Similarly, the image-pickup driver 12 controls the
image-pickup sensor 4 in synchronization with the input
video-vertical-synchronization signals VP2 to VP4 so that
the image-pilickup sensor 4 makes exposures ex2l to ex’Z4 over
the time period from time 21 Lo time t22, a time period
from time t23 to time t24, a time period from time t25 to

time t26, and a time period from time t27 to time t©3,

respectively, exposures ex3l to ex34 over a time period from



obtained through exposures ex2l to ex24 at timings VR22 to VR24, and
VR31, respectively, reads video signals obtained through exposures ex3l
to ex34 at timings VR32 to VR34, and VR41, respectively, and reads
video signals obtained through exposures ex4l to ex44 at timings VR42 to
VR44, and VR51 (timing VR 51 is not shown), respectively. The video
signals read by the camera-signal processing unit 5 are - 32 temporarily
stored in the memory 22a of the merge/selection- memory controller 22.
[0082] The merge/selection mem‘ér)?Eoﬁtroller 22 merges the four video
signals that are read by the camera-signal- processing unit 5 and that are

« lemppeayily stored in.{be memory, 22a inio thevideo signal conesponding
10'a single field merges’ severa préﬁeﬁermlnedﬂwdeo signals (e.g., Video

¢ Signals ebtaingd through-the tirshandsecond: exposyres ahthesfielghinto
the video signal corresponding to a single field, or selects any one of the
Poiderisighans teng, the'videotsigRal-dbtalifetPtioagk the fitsttexposerares

eg!; Ehetﬁe'é’%ﬂo 2549 %btf;‘i{" tehfP‘éiQ%’aSi%Q%'r% \élutr%v%fi b SQm%’QES a

or example, the merge/selection memory controller obtains the vidéo

+ stghab V2 byl nTerging the: faurvideo csighalssreadsat-timingssYRI2 torvéiR14
and VR21, or any two

fime t45 to time t46, and a time period from time t47 to

time t5, respectively.

[0081]

The camera-signal processing unit 5 reads the video
signal obtained through exposure exll at timing VRI2 that
falls in between time t12 and time t14, reads the video
signal obtained through exposure exl2 at timing VR1I3 that
falls in between time tld and time t16, reads the wvideo
signal obtained through exposure exl3 at timing VR14 that
falls in between time tl6é and time t2, and reads the video
signal obtained through exposure exl4 at timing VR21 that
falls in between time tZ and time t22 (Fig. 8D). Similarly,
the camera-signal processing unit 5 reads video signals
obtained through exposures ex2l to ex24 at timings VR2Z to
VR24, and VR31l, respectively, reads video signals obtained
through exposures ex31l to ex34 at timings VR3Z2 to VR34, and
VR41, respectively, and reads video signals obtained through
exposures ex4l to exd4d at timings VR42 to VR44, and VR51

(timing VR 51 is not shown), respectively. The video

signals read by the camera-signal processing unit 5 are



video signals (e.g., the video signals read at timings VR12 and VR13,
respectively). Of course, without being limited to the above-described
configuration, the merge/selection memaory controller 22 may merge any
three video signals (e.g., the video signals read at timings VR12 to VR14,
respectively), or select any one of the four video signals read at timings
VR12 to VR14 and VR21, respectively. 33 - [0084] The video signal read
by the camera-signal-processing unit 5 is also output to the gate unit 6. In
the gate unit 6, though not shown;, of thé video signals transmitted from
the camera-signal-processing unit 5, only the video signal corresponding
to the AF-detection gate frame which is the focusing-detection area of the

SRR Mage tHatEl bBen8el W KFaActéd and ditpulfy i setection-

néfsdetectiqn it €. [3@85] The AF-detection unit 7 captures a
high-frequency component of each of the video signals read at timings

[VIRB12 to VR14 and VR21 at the timing of the AF-detection-gate frame,
rectifii[%s and dete/ctslthethj h-frequency comgon?;ts, nd generates a
focus-evalliation ValtS hecessany o Achidve  ah AtltofocuSifiEdiatsly

rafter theiAF-detgetion-gatedrame HmingLSinilarly the AF-detegtion unit
7 captures a high- frequency component of each of the video signals read

PARP ARGV RZXICVRYY, VR31 36 &/ R34raid VR4 ©-VR arthiehe

memory Z2Za into the video signal corresponding te a single
field, merges several predetermined video signals (e.g.,
video signals obtained through the first and second
exposures of the field) into the video signal corresponding
to a single field, or selects any one of the video signals
{e.g., the video signal obtained through the first expcsure
of the field), so as to obtain the video signals V1 to V4
{Fig. 8E).

[0083]

For example, the merge/selection memory ceontrollier 22
obtains the videco signal V2 by merging the four video
signals read at timings VR1Z to VR14 and VRZ1, or any two
video signals {e.g., the video signals read at timings VR1Z
and VR13, respectively). Of course, without being limited
to the above-described configuration, the merge/selection
memory controller 22 may merge any three video signals {e.g.,
the video signals read at timings VR12 to VR4,
respectively), or select any one of the four video signals

read at timings VRIZ to VR14 and VRZ1, respectively.



AF-detection-gate-frame timing, rectifies and detects the high-frequency
components, and generates a focus-evaluation value necessary to
achieve an autofocus immediately after the AF-detection-gate-frame
timing. [0086] The focus-evaluation value generated by the AF- detection
unit 7 is output to the AF module 21 of the camera - 34 - controller 8.
[0087] The AF module 21 captures the four focus-evaluation values
generated at different focus-lens positions at the timing of the AF module
AF2 (Fig. 8F). Then, the AF module Sl generates the autofocus-control
signal LD3 on the basis of the four captured focus-evaluation values so
that the focus position of the focus lens 3 is brought near to the focusing
[88§i%n and outputs the autofocus-control signal LD3 to the lens driver 9

(Fig- 8G)- {0088] Thedens pég@rt%(ccmtéolémym Qﬁg}%m%%éé&!l&@e
basis of the input autofocus-control signals LD1 to LD4 and moves the

ufodusdlens J:byasomuphtasta predeterimined ifocés-leds mdvergent unit
amaunt. Thus, an autofocus is achieved. [0089] In the above-described

S comfigiation tws B 16ur t6cis evanitonvalad aré CaaRAfefor & o™

ralgleMiden-signal-processing unit 5, only the video signal
cerresponding to the AF-detection gate frame which is the
focusing-detection area of the screen image that had been
set 1s extracted and output to the AF-detecticn unit 7.
[0085]

The AF-detection unit 7 captures a high-fregquency
component of each of the video signals read at timings VR 12
to VR14 and VRZ21 at the timing of the AF-detecticn-gate
frame, rectifies and detects the high~frequency components,
and generates a focus-evaluation value necessary to achieve
an autofocus immediately after the AF-detection-~gate-frame
timing. Similarly, the AF-detection unit 7 captures a high-
fregquency compconent of each of the video signals read at
timings VR 22 to VRZ24, VR31 tc VR34, and VR4l to VR44 at the
AF-detection~gate-frame timing, rectifies and detects the
high-frequency components, and generates a focus-evaluation
value necessary to achieve an autofocus immediately after
the AF-detection-gate-frame timing.

(00861
The focus-evaluation value generated by the AF~

detection unit 7 is output tc the AF module 21 of the camera



vertical-synchronization signal, and/or slight-wobbling- focusing driving is
performed over one or two times for a single
video-vertical-synchronization signal. However, the present invention can
be achieved without being limited to the above-described configuration.
For example, when the relationship between integer A and integer B
satisfies 2 x B > A, the focus-evaluation value is calculated over integer N
- 35 time(s) for a single video-vertical-synchronization signal, and the
slight-wobbling-focusing driving is p rformed over integer B times for the
video-vertical-synchronization signal obtained over integer A times. More
oS d@%@f?&% §%hree focus-evaluation values can be calculated fora single
video-vertical-synchronization signal and the slight- wobbling-focusing
rdowing can be performed over three times for four
video-vertical-synchronization signals. [0090] As has been described, it

becofiés pbsBsie & ntake~arsiigit chetfyelthat ofeGiintard iagédue to

vgl‘ﬁggb%%%e%%?%&ldaeti”§9 ? '?bél ps hy.making a high-speed.exposyre

and performing high-speed wobbling-focusing driving in the video signal

t Catregponding:ta.a single fieldrSuhsequerstly, it becemes-pessibladeiule
increase the amplitude of wobbling driving. Therefore, information about

2 th& BilEtBing" Controt eARDBE SBRAER Wit 8a8e ahbstaBility i arkp s
o?UHNQCE§£@Q§§¥E¥£8Hl%%HU%Q@%%ﬁuation values so that the

focus positicon of the focus lens 3 is brought near te the
focusing position and outputs the autofocus-control signal
LD3 to the lens driver 9 (Fig. 8G).

[0088]

The lens driver 9 controls driving of the motor 11 on
the basis of the input autofocus-control signals LD1 fto LD4
and moves the focus lens 3 by as much as a predetermined
focus-lens movement amcount. Thus, an autofocus i1s achieved.
[0089]

In the above-described configuration, two or four
focus-evaluation values are calculated for a single videc-
vertical-synchronization signal, and/or slight-wobbling-
focusing driving i1s performed over cne or two Ttimes for a
single video-vertical-synchronization signal. However, the
present invention can be achieved without beling limited to
the above-described configuration. For example, when the
relationship between integer A and integer B satisfies 2 x B

> A, the focus-evaluation value is calculated over integer N



[0091] Further, since it becomes also possible to increase the .
lens-image-height change rate, the versatility of lens design can be
increased and the manufacturing standard can be relaxed. [0092]
Further, since the wobbling cycle is reduced, the - 36 focus-evaluation
value can be generated at earlier timing and the autofocus-response
characteristic can be increased. [0093] Further, since the
focus-evaluation value is generated 3@n the basis of a plurality of video
signals obtained through the high-speed exposure, there is no need to
perform comparison between focus-evaluation values used for achieving

t im@N gptafacus, whigh alsojingreases the autofocus- response. . ., signal,

characteristic. [0094] Although the video camera has been described, as
andanhexarmplel thespiesentigvention: can atso:hel used foree digitakstill over

camera, as a matter of course. [0095] The above-described series of
lmﬁ&ﬁ?és@m@%éeé@ﬂés%ﬁ Bé @xeciited by kardware hndior saftwvare. In

a:L a wgeo camera mcludes a co guter shown in Fig. 9, for
31gna Oﬁea ned over integer A More Sp@CTflcally,

three focus-evaluation values can be calculated for .z single
video-vertical-synchronization signal and the slight-
wobbling-focusing driving can be performed over three times
for four video-vertical-synchronization signals.

(00901

As has been described, it becomes possible to make a
slight change that occurs in an image due to a wobbling
amplitude inconspicuous by making a high-speed exposure and
performing high-speed wobkbling-focusing driving in the video
signal corresponding to a single field. Subseguently, it
becomes possible to increase the amplitude of wobbling
driving. Therefore, information about the hill~-climbing
control can be cbtained with ease and stability, and the
autofocus capability can bhe increased,

[0091]

Further, since it becomes also possible to increase the
tens-image-height change rate, the versatility of lens
design can be increased and the manufacturing standard can
be relaxed.

[0092]

Further, since the wobbling cycle is reduced, the



[0096] In Fig. 9, a CPU (Central Processing Unit) 101 executes various
processing procedures according to a program stored in a ROM (Read
Only Memory) 102 and/or a program loaded from a storage unit 108 to a
RAM (Random Access Memory) 103. The PAM 103 also stores data
required by the CPU 101, as appropriate, so as to perform various
processing procedures. - 37 - [0097] The CPU 101, the ROM 102, and the
RAM 103 are connected to one a_no%%er_via a bus 104. An
input-and-output interface 105 is also connected to the bus 104. [0098]
An input unit 106 including a keyboard, a mouse, and so forth, a display

including a CRT (Cathade Ray Tube), an LCD (Liquid Crystal display
f%ﬁassoe%%afth%%ﬂgn vaolue an %097 %ecrlﬁdci%ge& ag ears_[L:L ti(%mlgig

S
an output unit a speaker or the Ii , a
agtorage unit 193 cincluding anhard-gdisk0rbe dikei and amcommunieatierd .
unit 109 including a modem or the like are connected to the
[{Hpttdand-output interface 105. The communication unit 109 performs

COf“'P&P!:%?P,” Rracessing.via a networlq neluding  the nterpet, [Q0991

Further, a drive 110 Is connected to t%e Input-and- output interface 105, as

otfequieethaarid ademovahle medium £1 1 inctudingeemagnietie disk, an
optical disk, a magneto-

through the high-speed exposure, there is no need to perform

comparison between focus-evaluation wvalues used for

achieving an autofocus, which also increases the autofocus-

response characteristic.

[0094]

Although the video camera has been described, as an
example, the present invention can also be used for a
digital-still camera, as a matter of course.

[0095]

The above-described series of processing procedures can
be executed by hardware and/cr software. In that case, a
video camera includes a computer shown in Fig. 9, for
example.

[00%26]

In Fig. 9, a CPU {Central Processing Unit) 101 executes
varicus processing procedures according to a program stored
in a ROM (Read Only Memory) 102 and/or a program loaded from
a storage unit 108 to a RAM (Random Access Memory) 103. The

RAM 103 also stores data reguired by the CPU 101, as

appropriate, so as to perform various processing procedures.



optical disk, a semiconductor memory, and so forth is mounted on the
input-and-output interface 105, as appropriate. Computer programs read
therefrom are installed on the storage unit 108, as required. [0100] For
making software perform the above-described processing procedures, a
program constituting the software - 38 is installed from the network and/or
a recording medium. [0101] The recording medium includes not only the
removable medium 111 which is distributed independently of the main
body of a system, so as to delivera Eirjog"ram to a user, as shown in Fig.
9, but also a ROM 102, a hard disk included in the storage unit 108, and
8f9rth, where the ROM 102 and the hard disk had already been

lihstdifed in the system and where the ROM 102 and the hard disk store

the programdeliveredie thewses2Thexemavabie mediym, 11 includes a. g
magnetic disk storing the program (including a floppy disk (Registered

tFrademank)ran optieakdisk(incdhdding’e: CDMROMa (Compant Disk-Redd: ce
ly Memory) and a DVD (Digital V rsagi Disk)), a magneto-optical disk

1§?§cﬁfdir?§ aﬁll\ﬁﬁn@ﬁiﬁf_ |sko(§%8is efe $€ddemark)), and/or a

[ gemdgonductor memory or the like. [0102] Further, in this specification,

steps describing the
An input unit 106 including a keyboard, a mouse, and so

ferth, a display including a CRT {(Cathode Ray Tube), an LCD
(Ligquid Crystal display), and so forth, and an output unit
107 including a speaker or the like, a storage unit 108
including a hard disk or the like, and a communication unit
109 inciuding a modem or the like are connected to the
input-and-output interface 105. The communication unit 109
performs communication processing via a network including
the Internet.

[0099]

Further, a drive 110 is connected to the input-and~
output interface 105, as required, and a removable medium
111 including a magnetic disk, an coptical disk, a magneto-
optical disk, a semiconductor memory, and sco forth is
mounted on the input-and-cutput interface 105, as
appropriate. Computer programs read therefrom are installed
on the storage unit 108, as required.

[0100]
For making software perform the above-described

processing procedures, a program constituting the software



program recorded in the recording medium include not only processing
executed in time sequence according to the written order but also
processing that is not necessarily executed in time sequence but can be
executed in parallel and/or separately. - 39 - CLAIMS 1. An
autofocus-control device including a focus lens and an image-pickup
sensor, the autofocus-control device comprising: image-pickup means
which picks up an image of a subject in a cycle that is (1/interger N) times
a cycle of an image- vertical-syncﬁroﬁza&ion signal in synchronization with
the cycle of the image-vertical-synchronization signal, calculation means
.which calculates a focus-evalyation value for performing.an autofocus on
e BR48 of S h T Of the HABe BicRRd (i by tHe THAGR Bloks pidhne,
rand change means which changes a distance between the focus lens

and the image-pickup sensor on the basis of a plurality of the
focus-bvaltrtiondidiges ealclateticBy the caletilativhy niéang; aWherdn the

nERANge means changes the distance so.that integersA imes of the cycle
of the image-vertical- synclhronlzatlon slgnaiegné1 integer-B times of &
pwepblifg acysle ¥a syachrenizedwwih eaeh Othewhen integerAand as
integer B satisfy 2 x B > A.
shewn in Fig. 9, but alsc a ROM 102, a hard disk included in
the storage unit 108, and so forth, where the ROM 102 and
the hard disk had already been installed in the system and
where the ROM 102 and the hard disk store the program
delivered to the user. The removable medium 11 includes a
magnetic disk storing the program {(including a floppy disk
(Registered Trademark))}, an optical disk (including a CD-ROM
(Compact Disk-Read Cnly Memory) and a DVD {(Digital Versatile
Disk}) ), & magneto-optical disk (including an MD {(Mini-Disk)
(Registered Trademark)), and/or a semiconductor memory or
the like.
[0102]

Further, in this specification, steps describing the
program recorded in the recording medium include not only
processing executed in time sequence according to the
written order but also processing that is not necessarily

executed in time sequence but can be executed in parallel

and/or separately.



2. An autofocus-control device according to Claim 1, wherein the
calculation means calculates the focus- evaluation value on the basis of a
high-frequency component of a brightness signal of the image-pickup
signal. 3. An autofocus-control device according to Claim 1, - 40 further
comprising merge means which merges a plurality of the signals of a
plurality of the images picked up by the image-pickup means. 4. An
autofocus-control device according tg)gCLaim 1, further comprising
selection means which selects any one of a plurality of the signals of a
plurality of the images picked up by the image-pickup means. 5. An
autofocus-control method used fo ofocus- control device including
a focus lens and an image-pickup sensor, the autofocus-control method
comprisingan fnage-pickup stepiet picking upan; mage ofausubject ikag
cycle that is (1/interger N) times a cycle of an

afmafaarsiRea sy cHiBAZation SigARHR IS AchreRizalion WitH tHé cycle of

~Ih Hggga@ertical-synchronization signal, a calculation step of calculating
a focus-evaluation value for performing an autofocus on the basis of a

sighamettheriinage piekedsupithrough piocessingnperamaed atdheubject
image-pickup step, and a change step of changing a distance between the

odus ¥ENS ahlithelimalel pitkehXendbr dnithiesodsis bf teplafality image-

vertical-synchronization signal in synchronization with the
cycle of the image~vertical-synchronization signal,

calculation means which calculates a focus-evaluation
value for performing an autofocus on the basis of a signal
of the image picked up by the image-pickup means, and

change means which changes a distance baetween the focus
lens and the image~pickup sensor on the basis of a plurality
of the focus-evaluation values calculated by the calculation
means,

wherein the change means changes the distance so that
integer-A times of the c¢ycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchronized with each other when integer A and
integer B satisfy 2 x B > A,

2. An autofocus-control device according to Claim 1,
wherein the calculation means calcuiates the focus-
evaluation value on the basis of a high-frequency component
of a brightness signal of the image-pickup signal.

3. An autofocus-control device according to Claim 1,



of the focus-evaluation values calculated through processing performed
at the calculation step, wherein the distance is changed, at the change
step, so that integer-A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling - 41 cycle are
synchronized with each other when integer A and integer B satisfy 2 x B >
A. 6. A recording medium storing a computer-readable program used by
an autofocus-control device includin% a focus lens and an image-pickup
sensor, so as to perform autofocus- Bnirol processing, the program
comprising: an image-pickup step of picking up an image of a subjectin a

fg)églgethat is (1/inter erml\é)rtlmes % %gclghof

I an .
|magef‘fvecrﬁg1 I]-:s:fysnlc ?onlzaﬁ%nmsefgnal in sly/%%h?nc?n‘ﬁggﬁoﬁ Wit TR %:%Ieogf
ke inggeverticalsychranizaliop signal, axcalaidation step of caleulating
~afocus-evaluation value for performing an autofocus on the basis of a
Lgpfifat Peftheninisge  picked up through processing performed at the

Irpage;pickup siep. and.a change step of changing g distance hetween the
focus lens and the |mage-p|cﬁup sensor on the basis of & p ura%lﬁly df the

riocus-evaliationsalues calcutated theaugh pracassing qerformed ahthe r
calculation step, wherein the distance is changed, at the change step, so

2 (AR EegeTYA fined 6f thedtydié of thé imbigeavertizart the images

picked up by the image-pickup means.

5. An autofocus-control method used for an autcfocus-
control device including a focus lens and an image-pickup
sensor, the autefocus-~control method comprising:

an image-pickup step of picking up an image of a
subject in a cycle that is (1l/interger N) times a cycle of
an image-vertical-synchrenization signal in synchronization
with the cycle of the image-vertical-synchronization signal,

a calculation step of calculating a focus-evaluation
value for performing an autofocus on the basis of a signal
of the image picked up through processing performed at the
image-pickup step, and

a change step of changing a distance between the focus
lens and the image-pickup sensor on the basis of a plurality
of the focus-evaluation values calculated through processing
performed at the calculation step,

wherein the distance is changed, at the change step, so
that integer-A times of the cycle of the image-vertical-

synchronization signal and integer-B times of a wobbling



synchronization signal and integer-B times of a wobbling cycle are
synchronized with each other when integer A and integer B satisfy 2 x B >
A. 7. A program which makes a computer perform autofocus- control
processing of an autofocus-control device including - 42 a focus lens and
an image-pickup sensor, the program comprising: an image-pickup step
of picking up an image of a subject in a cycle that is (1/interger N) times a
cycle of an image-vertical-synchronization signal in synchronization with
the cycle of the image-vertical-syrfch%ni"zation signal, a calculation step of
calculating a focus-evaluation value for performing an autofocus on the

93%is ofa S%”%h%fo%‘}?z‘é”da%%g?keegc%p é*%ﬁ?“?hmﬁ{gge%%igg srformed at
the Image-p crf(up step, and a change step o?changlng a distance

i hebyeenthe {ecus Jens .and thezsimage-pickup sensor on the basis of a
plurality of the focus-evaluation values calculated through processing
performetParié eslcilationstep OWhbrein thethstantats ehahjedrarten

ugggnge S%%paﬁ%k‘é&i”é@%%k \{imes of fhe Cféf%!%"f the jmagesyertical:, .
synchronization signal and integer-B times o awc;]bdb]hn cycleare
asynahranizec withceagh stheraxvhen integet A arad rinteger B satisfys2 x B >
cﬁ%ééga-processing, the pregram comprising:

an image-pickup step of picking up an image of a
subject in a cycle that is (l/interger N) times a cycle of
an image-vertical-synchronizaticn signal in synchronization
with the cycle of the image-vertical-synchronization signal,

a calculation step of calculating a focus-evaluation
value for performing an autofocus on the basis of a signal
of the image picked up through processing perfermed at the
image-pickup step, and

a change step of changing a distance between the focus
lens and the image-pickup senscr on the basis of a plurality
cf the focus-evaluation values calculated through processing
performed at the calculation step,

wherein the distance is changed, at the change step, so
that integer-A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchronized with each other when integer A and
integer B satisfy 2 x B > A.

7. A program which makes a computer perform autofocus-

control processing of an autofocus-control device including



ABSTRACT The present invention allows for increasing an
autofocus-response characteristic. An image-pickup sensor makes
exposures ex 11 and ex12 (Fig. 7C) in synchronization with a
video-vertical-synchronization signal VP1 (Fig. 7A). A camera-signal
processing unit reads video signals obtained through the exposures ex 11
and ex12 at timings VR12 and VR 21, respectively (Fig. 7D). An
AF-detection unit captures a high-frequency component of a video signal
corresponding to an AF-detection-reduction gate frame (hereinafter
simply referred to as a gate frame) at the timing of the gate frame,
rectifies and detects the high-frequency component, and generates a
(ORI B AT BOAVAIGE FEETatl AHEr T e fafReRRARG An AF
cBduie captures a plurality of the focus-evaluation values at the timing of
an AF module AF 2 (Fig. 7F), generates an autofocus-control signal LD3
whichbARgs afoeak positiorrnedr wiafoésgsing positior (Rige7G), and
moves, a focus Iensl%n %@1% Qasis of the autofocusgI coQtro(Lsignal LD3. Thfe

S Brelsent ifvertich can be Gsed for'd Viles thffery nes @ cvcle o
an image-vertical-synchronization signal in synchronization
with the cycle of the image-vertical-synchronization signal,

a calculation step of calculating a focus-evaluation
value for performing an autofocus on the basis of a signal
of the image picked up throuch processing performed at the
image-pickup step, and

a change step of changing a distance between the focus
lens and the image-pickup sensor on the basis of a plurality
of the focus-evaluation values calculated through processing
performed at the calculation step,

wherein the distance is changed, at the change step, so
that integer—~A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchrenized with each other when integer A and

integer B satisfy 2 x B > A.
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ABSTRACT

The present invention allows for increasing an
autofocus-response characteristic. An image-pickup sensocor
makes exposures ex 11 and exl2 (Fig. 7C} in synchronization
with a video~verticalwsynchroﬂization signal VP1 (Fig. 7A).
A camera-signal processing unit reads video signals obtained
through the exposures exll and exlZ at timings VR1Z and VR
21, respectively (Fig. 7D). An A¥-detection unit captures a
high-frequency component of a video signal correspending to
an AF-detection-reduction gate frame (hereinafter simply
refaerred to as a gate frame) at the timing of the gate frame,
rectifies and detects the high-freguency component, and
generates a focus-evaluation value immediately after the
gate-frame timing. An AF module captures a plurality of the
focus=-evaluation valuesg at the timing of an AF module AF 2
(Fig. 7F), generates an autofocus-control signal LD3 which
brings a focus position near to a focusing position (Fig.
7G), and moves a focus lens on the basis of the autofocus-
control signal LD3. The present invention can be used for a

video camera.



