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tographing, and in- focus image data can be recorded.
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DESCRIPTION

IMAGE SENSING APPARATUS

Technical Field

The present invention relates to an image sensing
apparatus such as a digital camera or digital wvideo
camera and, more particularly, to an image sensing
apparatus preferably used to take a motion image by
using an autofocus function.

Background Art

Some image sensing apparatuses such as a digital
camera and digital video camera comprise an automatic
focusing function of automatically focusing the
camera on an object. The automatic focusing function
is called an "autofocus function" or "AF function".
Digital cameras generally adopt a method of extracting
the high-frequency component of a luminance signal
obtained from a CCD (Charge Coupled Device) serving
as an image sensing element, evaluating an in-focus
position, and moving the photographing lens to a posi-
tion at which the high-frequency component maximizes
(see, e.g., Jdpn. Pat. Appln. KOKAI Publication
No. 3-285467).

With an image sensing apparatus having the
above-mentioned automatic focusing function, the user

can easily obtain an in-focus image in photographing
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without any consciousness. However, the conventional
autofocus method searches for an in-focus position
by moving the photographing lens forward and backward
along the optical axis, as disclosed in Jpn. Pat.
Appln. KOKAI Publication No. 3-285467. 1If a motion
image is taken (recorded), an out-of-focus image is
recorded during search for the in-focus position.
Disclosure of Invention

The present invention has been made in considera-
tion of the above situation, and has as its object to
provide an image sensing apparatus which eliminates the
need for lens movement for searching for an in-focus
position and can record in-focus image data during
photographing.

According to an aspect of the present invention,
an image sensing apparatus comprises a photographing
lens, a first image sensing element configured to
receive light having passed through the photographing
lens and acquire image data corresponding to a received
light quantity, a storage configured to store image
data obtained by the first image sensing element, a
half-mirror interposed between the photographing lens
and the first image sensing element and configured
to split light having passed through the photographing
lens, and a second image sensing element inserted in
a light splitting path of the half-mirror.

According to another aspect of the present
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invention, an image sensing apparatus comprises a
photographing lens, a first image sensing element
configured to receive light having passed through the
photographing lens and acquire image data corresponding
to a received light quantity, a storage configured to
store image data obtained by the first image sensing
element, a movable half-mirror interposed between the
photographing lens and the first image sensing element
and configured to split light having passed through
the photographing lens, a second image sensing element
which is movably inserted in a light splitting path of
the half-mirror, a first focus controller configured
to, in photographing of a still image, retract the
half-mirror from an optical axis of the photographing
lens, move the photographing lens within a predeter-
mined range, and adjust a focus, and a second focgs
controller configured to, in photographing of a motion
image, position the half-mirror on the optical axis of
the photographing lens, search for an in-focus position
by moving the second image sensing element within a
predetermined range, and adjust the focus by directly
moving the photographing lens to the in-focus position
on the basis of relative positions of the second
image sensing element and the photographing lens after
search.

With this arrangement, the movable half-mirror is

interposed between the photographing lens and the first
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image sensing element, and the second image sensing
element is movably inserted in the light splitting path
of the half-mirror. In photographing of a still image,
the half-mirror is retracted from the optical axis of
the photographing lens, and the focus is adjusted by
movement of the photographing lens. In photographing
of a motion image, the half-mirror is set on the
optical axis of the photographing lens, and the second
image sensing element is used as a focusing element
for searching for an in-focus position. After.search,
the photographing lens moves to adjust the focus.
Since photographing of a still image does not use the
half-mirror, degradation of the image quality can be
prevented. In photographing of a motion image, the
lens need not be moved for searching for an in-focus
position, and in-focus image data can be recorded.
According to still another aspect of the present
invention, a focus control method in an image sensing
apparatus having a photographing lens and an image
sensing element comprises receiving light having passed
through the photographing lens to acquire image data
corresponding to a received light quantity by the image
sensing element, splitting light having passed through
the photographing lens by a half-mirror inserted in
an optical path, searching for an in-focus position
by moving within a predetermined range a second image

sensing element movably inserted in a light splitting
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path of the half-mirror, and adjusting a focus by
directly moving the photographing lens to the in-focus
position on the basis of relative positions of the
second image sensing element and the photographing
lens after search.

According to still another aspect of the present
invention, a program executed by a computer which
controls an image sensing apparatus having a photo-
graphing lens and an image sensing element controls the
image sensing apparatus to perform steps of receiving
light having passed through the photographing lens to
acquire image data corresponding to a received light
quantity by the image sensing element, splitting light
having passed through the photographing lens by a
half-mirror inserted in an optical path, searching for
an in-focus position by moving within a predetermined
range a second image sensing element movably inserted
in a light splitting path of the half-mirror, and
adjusting a focus by directly moving the photographing
lens to the in-focus position on the basis of relative
positions of the second image sensing element and the
photographing lens after search.

As described above, according to the present
invention, the in-focus position is searched for by
using a focusing image sensing element, and the focus
is adjusted by moving the photographing lens after

search. The lens need not be moved for searching for
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an in-focus position, and in-focus image data can be
recorded even during photographing of a motion image.

Additional advantages of the invention will be
set forth in the description which follows, and in part
will be obvious from the description, or may be learned
by practice of the invention. The advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed
out hereinafter.

Brief Description of Drawings

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the
preferred embodiments given below, serve to explain
the principles of the invention.

FIGS. 1A and 1B are perspective views showing the
outer appearance of a digital camera having a contrast
AF function that is exemplified as an image sensing
apparatus according to the first embodiment of the
present invention;

FIG. 2 is a block diagram showing the electronic
circuit configuration of the digital camera;

FIGS. 3A through 3C are views showing the
positional relationship between the photographing

lens and photographing CCD of the digital camera;
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FIGS. 4A through 4C are views showing the
positional relationship between the photographing
lens and a focusing CCD 22 in a state in which both
the photographing lens and focusing CCD of the digital
camera are set at initial positions and a state in
which the photographing lens is set at the maximum
telephoto position;

FIGS. 5A through 5C are views showing the
positional relationship between the photographing
lens and the focusing CCD in a state in which both the
photographing lens and focusing CCD of the digital
camera are set at the initial positions and a state
in which a photographing lens 2 is set at the maximum
wide—-angle position;

FIGS. 6A through 6C are views showing ranges
within which the focusing CCD moves in correspondence
with respective positions of the photographing lens of
the digital camera;

FIG. 7 is a view showing the range of the
photographing lens of the digital camera and the corre-
sponding moving range of the focusing CCD;

FIG. 8 is a flowchart showing processing operation
of the digital camera in photographing according to the
first embodiment;

FIGS. 9A through 9H are views for explaining
movement of the photographing lens and focusing CCD

in photographing with the digital camera; and
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FIG. 10 is a flowchart showing processing
operation of the digital camera in photographing
according to the second embodiment.

Best Mode for Carrying Out the Invention

Preferred embodiments of the present invention
will be described below with reference to the several
views of the accompanying drawing.

(First Embodiment)

FIGS. 1A and 1B show the outer appearance of a
digital camera having a contrast AF function that is
exemplified as an image sensing apparatus according to
the first embodiment of the present invention. FIG. 1A
is a perspective view mainly showing the arrangement
of the front surface, and FIG. 1B is a perspective view
mainly showing that of the rear surface.

A digital camera 1 comprises, on the front
surface of an almost rectangular thin-plate like body,
a photographing lens 2, self-timer lamp 3, optical
viewfinder window 4, microphone 5, flash emission unit
6, and rubber grip 7. A power key 8 and shutter key
© are arranged on the right end (viewed from the user)
of the top surface.

The rubber grip 7 is a band-like rubber projection
arranged so that the user can reliably grip the housing
with the middle, third, and little fingers of his right
hand when he grips the digital camera 1 with his right

hand from the right side surface of the housing in
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photographing. The power key 8 1s a key operated
to turn on/off the power supply. The shutter key
9 designates the photographing timing in the
photographing mode.

The rear surface of the digital camera 1 is
equipped with a mode switch (SW) 10, motion image
photographing key 10a, speaker 11, menu key 12, cross
key 13, set key 14, optical viewfinder 15, flash
charge lamp 16, and display 17.

The mode switch 10 is formed from, e.g., a slide
key switch, and switches between a recording mode
"R" and playback mode "P" serving as basic modes.

The motion image photographing key 10a designates the
start and end of motion image photographing while the
recording mode "R" is set. That is, when the mode
switch 10 is switched to the recording mode "R", the
camera changes to a mode in which an image is taken
(recorded). In this state, the motion image photo-
graphing key 10a is pressed to start photographing
(recording) of a motion image. The motion image
photographing key 10a is further pressed to end
photographing of a motion image.

The menu key 12 is operated to select various menu
items and the like. The cross key 13 is an integrated
key of keys for moving the cursor up, down, right, and
left. The cross key 13 is operated to move a displayed

menu item or the like. The set key 14 is arranged at
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the center of the cross key 13, and operated to set the
content of a currently selected menu item or the like.

The flash charge lamp 16 is formed from an LED
lamp arranged close to the optical viewfinder 15. The
flash charge lamp 16 allows the user to recognize the
flash charge state regardless whether the user of the
digital camera 1 checks an object through the optical
viewfinder 15 or sees the display 17.

The display 17 is formed from a color liquid
crystal panel with a backlight. The display 17
provides the monitor display of a through image as
an electronic viewfinder in photographing (recording
a still image or motion image), and plays back and
displays a selected image or the like in playback.

Although not shown, the bottom surface of the
digital camera 1 is equipped with a memory card slot
for allowing the operator to insert/remove a memory
card used as a recording medium, and a USB (Universal
Serial Bus) connector as a serial interface connector
for connecting an external personal computer orx
the like.

FIG. 2 is a block diagram showing the electronic
circuit configuration of the digital camera 1.

In the digital camera 1, the photographing lens
2 which forms a lens optical system is movably arranged
within a predetermined range along the optical axis. A

CCD 21 serving as an image sensing element is arranged
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on the back side of the optical axis. The CCD 21 is
used for photographing, and receives light having
passed through the photographing lens 2 to acquire
image data corresponding to the received light
quantity.

In the first embodiment, a CCD 22 used for
focusing in motion image photographing is movably
arranged within a predetermined range in a direction
perpendicular to the optical axis of the photographing
lens 2 separately from the photographing CCD 21. The
movable amount of the CCD 22 is about twice that of
the photographing lens 2. As will be described later,
the predetermined range within which the CCD 22 moves
is designed so that the length of an optical path
between the photographing lens 2 and the CCD 22 falls
within a predetermined range in accordance with the
position of the photographing lens 2. A half-mirror
23 for splitting light having passed through the
photographing lens 2 into two paths for the photo-
graphing CCD 21 and focusing CCD 22 is interposed
between the photographing lens 2 and the photographing
CCD 21. The half-mirror 23 is attached pivotally
between two positions: a position (position represented
by the solid line in FIG. 2) on the optical axis of
the photographing lens 2 and a position (position
represented by the broken line in FIG. 2) at which

the half-mirror 23 is retracted from the optical axis.
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When a through image (image which is obtained by the
photographing lens 2 and directly displayed on the
display 17) is displayed on the eleétronic viewfinder
(display 17), the half-mirror 23 is set to the position
at which the half-mirror 23 is retracted from the
optical axis of the photographing lens 2.

The digital camera 1 comprises a lens driving
mechanism 41 for moving the photographing lens 2, a
CCD driving mechanism 42 for moving the focusing CCD
22, and a half-mirror driving mechanism 43 for pivoting
the half-mirror 23. Driving operation of these mecha-
nisms is controlled by a controller 32 serving as a
microcomputer.

Image data obtained via the focusing CCD 22 is
subjected to a signal process by a signal processor
44, and supplied to the controller 32. The signal
processor 44 includes circuit elements such as a
high-pass filter and A/D converter which extract a
high~-frequency component from the luminance signal
of image data. The controller 32 has a function
of searching for an in-focus position on the basis
of the high-frequency component of the luminance
signal obtained from the signal processor 44. The
in-focus position is searched for by, e.g., a contrast
AF method, but may be done by another method.

In FIG. 2, in the recording mode serving as a

basic mode, the photographing CCD 21 on the back side
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of the optical axis of the photographing lens 2 is
scanned and driven by a timing generator (TG) 24 and
vertical driver 25. The photographing CCD 21 outputs
a photoelectrically converted output of one frame
that corresponds to an optical image formed every
predetermined cycle.

The photoelectrically converted output properly
undergoes gain adjustment for each of primary color
components R, G, and B in the state of a signal of an
analog value. The resultant signal is sampled and held
by a sample-and-hold circuit 26, and converted into
digital data by an A/D converter 27. The digital data
undergoes a color process including a pixel interpo-
lation process and 7y correction process by a color
process circuit 28 to generate a luminance signal Y and
color difference signals Cb and Cr of digital values.
These signals are output to a DMA (Direct Memory
Access) controller 29.

The DMA controller 29 temporarily writes the
luminance signal Y and color difference signals Cb
and Cr output from the color process circuit 28 in
the internal buffer of the DMA controller 29 by using
composite sync signals, memory write enable signal,
and clock signal from the color process circuit 28.
The DMA controller 29 then DMA-transfers the luminance
signal Y and color difference signals Cb and Cr to

a DRAM 31 used as a buffer memory via a DRAM
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interface (I/F) 30.

The controller 32 is formed from a microcomputer
including a CPU, a ROM which stores an operating
program to be executed by the CPU, and a RAM used
as a work memory. The controller 32 controls whole
control operation of the digital camera 1. At the end
of DMA transfer of the luminance and color difference
signals to the DRAM 31, the controller 32 reads out
the luminance and color difference signals from the
DRAM 31 via the DRAM interface 30, and writes these
signals in a VRAM 34 via a VRAM controller 33.

A digital video encoder 35 periodically reads out
the luminance and color difference signals from the
VRAM 34 via the VRAM controller 33, generates a video
signal on the basis of these data, and outputs the
video signal to the display 17.

The display 17 functions as a monitor display
(electronic viewfinder) in photographing, as described
above. The display 17 performs display based on
the video signal from the digital video encoder 35,
and displays in real time an image based on image
information received from the VRAM controller 33 at
this time.

While the display 17 displays the current image as
a monitor image in real time, the shutter key 9 which
forms a key input unit 36 is operated at a timing when

a still image i1s to be taken, and then a trigger signal
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is generated.

The controller 32 stops DMA transfer of the
luminance and color difference signals of one frame
from the photographing CCD 21 to the DRAM 31 in
response to the trigger signal. The controller 32
disconnects the route extending from the photographing
CCD 21 to the DRAM 31, and transits to a recording/save
state.

In the recording/save state, the controller 32
reads out the luminance and color difference signals of
one frame written in the DRAM 31 -via the DRAM interface
30 for a unit called a basic block of vertical 8 pixels
X horizontal 8 pixels for each of the Y, Cb, and Cr
components. The controller 32 writes the signals in a
JPEG (Joint Photograph coding Experts Group) processing
block within an image processor 37. The image proc-
essor 37 compresses data by processes such as ADCT
(Adaptive Discrete Cosine Transform) or entropy coding
(e.g., Huffman coding).

The controller 32 reads outs the encoded data as
a data file of one image from the image processor 37,
and writes the data file in a memory card 38 which is
detachably mounted as a recording medium of the digital
camera or an internal memory 39 which is permanently
incorporated in the digital camera 1.

The controller 32 connects the route extending

from the photographing CCD 21 to the DRAM 31 again upon
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the end of the compression process for luminance and
color difference signals of one frame and write of
all compressed data in the memory card 38 or internal
memory 39.

The controller 32 is further connected to a USB
interface (I/F) 40. The USB interface 40 performs
communication control when image data and the like are
exchanged with another information terminal apparatus
such as a personal computer connected by a cable via
a USB connector.

The key input unit 36 is made up of the shutter
key 9, power key 8, mode switch 10, motion image
photographing key 10a, menu key 12, cross key 13, set
key 14, and the like. Signals accompanying these key
operations are directly sent to the controller 32.

When the motion image photographing key 10a of the
key input unit 36 is manipulated in taking not a still
image but a motion image, obtained motion image data
is compressed by MPEG (Moving Picture Expert Group) or
motion~JPEG in a motion image processing block within
the image processor 37. The motion image data is
recorded on the memory card 38 or internal memory
39. When the motion image photographing key 10a is
manipulated again, recording of motion image data ends.

In the playback mode as a basic mode, the
controller 32 selectively reads out image data recorded

on the memory card 38 or internal memory 39. The image
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processor 37 decompresses the compressed image data

in procedures opposite to data compression procedures
in the recording mode. The decompressed image data
are held in the DRAM 31 via the DRAM interface 30, and
the contents held by the DRAM 31 are stored in the
VRAM 34 via the VRAM controller 33. The image data
are periodically read out from the VRAM 34 to generate
video signals, and the video signals are played back
on the display 17.

When selected image data represent not still
images but motion images, MPEG motion image data which
form the selected motion image file are played back.
At the end of playing back all the motion image data,
still image data at the start is displayed until the
next playback instruction is issued.

The digital camera 1 having the above arrange-
ment according to the present invention searches for
an in-focus position by moving the focusing CCD 22
in photographing. After the in-focus position is
determined, the photographing lens 2 is moved to a
position corresponding to that of the focusing CCD
22, and focused. In this case, the distance by
which the photographing lens 2 is moved is determined
in accordance with the relative positions of the
photographing lens 2 and focusing CCD 22.

The positional relationship between the photo-

graphing lens 2, the photographing CCD 21, and the
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focusing CCD 22 in the digital camera 1 will be
explained with reference to FIGS. 3A through 7.

FIGS. 3A through 3C are views showing the
positional relationship between the photographing lens
2 and the photographing CCD 21. FIG. 3A illustrates
a case in which the photographing lens 2 is set at a
position (maximum telephoto position) farthest from
the photographing CCD 21. FIG. 3B illustrates a
case in which the photographing lens 2 is set at an
intermediate position. FIG. 3C illustrates a case in
which the photographing lens 2 is set at a position
(maximum wide—angle position) closest to the
photographing CCD 21.

Assume that the photographing lens 2 is movabl&
installed within a range x. The range X corresponds
to the in-focus position search range. Let b be the
distance between the photographing lens 2 and the
photographing CCD 21 when the photographing lens 2
is set at the position (maximum telephoto position)
farthest from the photographing CCD 21, as shown in
FIG. 3A, and a be the distance between the photo-
graphing lens 2 and the photographing CCD 21 when the
photographing lens 2 is set at the position (maximum
wide-angle position) closest to the photographing CCD
21, as shown in FIG. 3C. In this case, b = a + X.
The intermediate position between the maximum telephoto

position and the maximum wide-angle position is set as
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an initial position, as shown in FIG. 3B. Let m be
the distance between the photographing lens 2 and the
photographing CCD 21 when the photographing lens 2 is
set at the initial position.

FIGS. 4A through 4C are views showing the

positional relationship between the photographing

lens 2 and the focusing CCD 22 in a state in which both

the photographing lens 2 and focusing CCD 22 are set
at the initial positions and a state in which the
photographing lens 2 is set at the maximum telephoto
position. FIG. 4A illustrates a case in which the
photographing lens 2 is set at the initial position.
FIG. 4B illustrates a case in which the photographing
lens 2 moves to the maximum telephoto position.

FIG. 4C illustrates a case in which the focusing CCD
moves to a position corresponding to the distance a.
FIGS. 5A through 5C are views showing the

positional relationship between the photographing
lens 2 and the focusing CCD 22 in a state in which
both the photographing lens 2 and focusing CCD 22 are
set at the initial positions and a state in which the
photographing lens 2 is set at the maximum wide-angle
position. FIG. 5A illustrates a case in which the
photographing lens 2 is set at the initial position.
FIG. 5B illustrates a case in which the photographing
lens 2 moves to the maximum wide-angle position.

FIG. 5C illustrates a case in which the focusing CCD
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moves to a positlon corresponding to the distance b.

FIGS. 4B and 4C show positional relationships
between the photographing lens 2 and the focusing CCD
22 when the photographing lens 2 moves to the maximum
telephoto position (distance b) from the state in which
both the photographing lens 2 and focusing CCD 22 are
set at the initial positions (distance m), as shown in
FIG. 4A. 1In this case, if only the photographing lens
2 moves to the maximum telephoto position, as shown in
FIG. 4B, the distance between the photographing lens 2
and the focusing CCD 22 changes to the distance b.

If the focusing CCD 22 further moves from the initial
position by the distance X toward the half-mirror

23, as shown in FIG. 4C, the distance between the
photographing lens 2 and the focusing CCD 22 changes
to the distance a.

FIGS. 5B and 5C show positional relationships
between the photographing lens 2 and the focusing CCD
22 when the photographing lens 2 moves to the maximum
wide-angle position (distance a) from the state in
which both the photographing lens 2 and focusing CCD 22
are set at the initial positions (distance m), as shown
in FIG. 5A. In this case, if only the photographing
lens 2 moves to the maximum wide-angle position, as
shown in FIG. 5B, the distance between the photo-
graphing lens 2 and the focusing CCD 22 changes to

the distance a. If the focusing CCD 22 further moves
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from the initial position by the distance x in a
direction opposite to the half-mirror 23, the distance
between the photographing lens 2 and the focusing CCD
22 changes to the distance b.

From this, ranges within which the focusing CCD
22 moves in correspondence with respective positions
of the photographing lens 2 are those shown in FIGS. 6A
through 6C. FIG. 6A shows the moving range of the
focusing CCD 22 when the photographing lens 2 is set
at the maximum telephoto position. FIG. 6B shows the
moving range of the focusing CCD 22 when the photo-
graphing lens 2 is set at the intermediate position.
FIG. 6C shows the moving range of the focusing CCD
22 when the photographing lens 2 is set at the maximum
wide—-angle position.

These ranges can be summarized into a range shown
in FIG. 7. More specifically, when the photographing
lens 2 is movable within the range x, the corresponding
moving range of the focusing CCD 22 changes by X up and
down with respect to the initial position serving as a
reference, as shown in FIG. 7.

Processing operation of the digital camera 1 in
photographing according to the first embodiment will
be explained in consideration of this. The process
represented by the following flowchart is executed when
the controller 32 as a microcomputer loads a program

stored in the internal memory 39 or the like.
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FIG. 8 is a flowchart showing processing operation
of the digital camera 1 in photographing according to
the first embodiment.

When the power supply is turned on by pressing the
power key 8 (step All), the controller 32 sets, as an
initial setting process, the photographing lens 2 and
focusing CCD 22 to the initial positions. Along with
this, the controller 32 initializes a position variable
r representing the current position of the photo-
graphing lens 2 and a position variable k representing
the current position of the focusing CCD 22 (step Al2).
The ?osition variables r and k are held in the internal
RAM (not shown) of the controller 32.

If the photographing lens 2 is oriented to an
object to be photographed and photographing of a
motion image starts by a manipulation to the motion
image photographing key 10a (step Al3), the AF function
of the digital camera 1 acts. In response to this, the
controller 32 executes the following autofocus process.

Note that photographing assumes photographing of a
motion image, but the same autofocus process may also
be performed for photographing of a still image.

At this time, the half-mirror 23 is positioned on
the optical axis of the photographing lens 2, and light
having passed through the photographing lens 2 is split
toward the photographing CCD 21 and focusing CCD 22 via

the half-mirror 23.
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When photographing of a motiqn image starts by a
manipulation to the motion image photographing key 10a,
the controller 32 moves the focusing CCD 22 via the
CCD driving mechanism 42 within a ﬁredetermined range
forward or backward in a direction perpendicular to the
optical axis of the photographing lens 2. With this
operation, the controller 32 searches for an in-focus
position with respect to the current object to be
photographed (step Al4).

Since light enters the focusing CCD 22 wvia the
half-mirror 23, the focusing CCD 22 can be moved in
the direction perpendicular to the optical axis of the
photographing lens 2 by moving the focusing CCD 22
close to or distant from the half-mirror.

Light having passed through the photographing
lens 2 enters both the photographing CCD 21 and
focusing CCD 22 via the half-mirror 23. Image data
obtained by the photographing CCD 21 is stored in a
predetermined memory (memory card 38 or internal
memory 39).

Image data obtained by the focusing CCD 22 is used
to adjust the focus. The controller 32 decides, as an
in-focus position, the position of the focusing CCD
22 at which the high-frequency component contained in
the luminance signal of the image data maximizes (step
Al5). Even when the focusing CCD 22 is moved for

searching for an in-focus position, an image which is
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supplied to the photographing CCD 21 and recorded is
not affected.

On the basis of the position of the focusing
CCD 22 and the current position of the photographing
lens 2, the controller 32 decides a position to which
the photographing lens 2 is to be moved so that the
distance between the photographing lens 2 and the
photographing CCD 21 becomes equal to that between the
photographing lens 2 and the focusing CCD 22 (step
Al16). The lens driving mechanism 41 is driven to move
the photographing lens 2 to the decided position (step
Al7). This movement of the photographing lens 2 and
focusing CCD 22 will be described later in detail with
reference to FIGS. 9A through 9H.

After the photographing lens 2 moves, the
controller 32 updates the position variable r in
accordance with the position of the moving destination
(step Al8). If photographing continues (NO in step
Al19), the controller 32 moves the focusing CCD 22 to an
in-focus position search start position (position at
which the distance between the photographing lens 2 and
the focusing CCD 22 becomes the distance m) on the
basis of the current position of the photographing lens
2 (step A20). The controller 32 updates the position
variable k in accordance with this position (step A21),
and then repetitively executes the process from

step Al4.
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Movement of the photographing lens 2 and focusing
CCD 22 will be explained in detail with reference to an
example in FIGS. 9A through 9H. FIGS. 9A through 9E
show movement of the photographing lens 2 and focusing
CCD 22 sequentially from the start of photographing.

FIG. 9A illustrates a state before the start of
photographing. The photographing lens 2 and focusing.
CCD 22 are set at the initial positions (step Al2 of
FIG. 8). When photographing starts in this state, the
focusing CCD 22 moves within the range x up or down
in a direction perpendicular to the optical axis of
the photographing lens 2. During this operation, an
in-focus position is searched for on the basis of image
data obtained from the focusing CCD 22 (see step Al4
of FIG. 8). At this time, the photographing CCD 21
executes photographing operation, and image data
obtained from the photographing CCD 21 is stored in
a predetermined memory.

When the photographing lens 2 is focused at a
position shown in FIG. 9B (the high-frequency component
maximizes), this position is decided as an in-focus
position (step Al5 of FIG. 8). The moving position of
the photographing lens 2 is decided from the positional
relationship between the focusing CCD 22 and the photo-
graphing lens 2 (step A16 of FIG. 8). As shown in
FIG. 9C, the photographing lens 2 moves to the maximum

wide-angle position by the distance a from the
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photographing CCD 21 so that the distance between

the photographing lens 2 and the photographing CCD

21 becomes equal to that between the photographing lens
2 and the focusing CCD 22 (step Al8 of FIG. 8).

At this time, the in-focus position search start
position is changed in accordance with the moved
photographing lens 2. As shown in FIG. 9D, the
focusing CCD 22 moves down from the initial position
by x/2 so that the distance between the focusing CCD
22 and the photographing lens 2 changes to m with
respect to the position of the moved photographing
lens 2 (step A20 of FIG. 8).

After that, the same operation is repeated.

More specifically, when the photographing lens 2 is
set at the maximum wide—angle position, search for an
in-focus position starts by using, as a reference, a
position to which the focusing CCD 22 moves down from
the initial position by x/2, as shown in FIG. 9E.

When the position shown in FIG. 9F is detected as an
in-focus position, the photographing lens 2 moves to
the maximum telephoto position by the distance b from
the photographing CCD 21, as shown in FIG. 9G. At this
time, the focusing CCD 22 moves as shown in FIG. 9H so
as to prepare for the next search operation.

In this manner, in autofocus operation, an
in-focus position is searched for by using the focusing

CCD 22. The photographing lens 2 is directly moved in
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correspondence with the position so that the distance
between the photographing lens 2 and the photographing
CCD 21 becomes equal to that between the photographing
lens 2 and the focusing CCD 22. This arrangement can
omit the conventional search operation using movement
of the photographing lens 2. Even if the focusing CCD
22 is moved for searching for an in-focus position,

an image which is supplied to the photographing CCD

21 and recorded is not affected. The problem that an
out-of-focus image is recorded without any process
during photographing of a motion image can be solved,
and in-focus images can always be recorded
successively.

(Second Embodiment)

In the first embodiment, photographing is always
done via the half-mirror 23 regardless of photographing
of a still image/motion image.

In the second embodiment, a half-mirror 23 is
used only when a motion image is taken, and is not
used when a still image is taken. 1In this case, a
general autofocus process is applied to photographing
of a still image. As shown in FIG. 2, the half-mirror
23 can be pivoted by driving of a half-mirror driving
mechanism 43 between a position on the optical axis of
a photographing lens 2 and a position retracted from
the optical axis.

FIG. 10 is a flowchart showing processing
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operation of a digital camera 1 in photographing
according to the second embodiment.

When the power supply is turned on by pressing
a power key 8 (step Bll), a controller 32 determines
whether the start of motion image photographing is
designated (step Bl2). Photographing of a motion image
starts by pressing a motion image photographing key 10a
while a mode switch 10 shown in FIG. 1B is switched to
the recording mode "R". 1In an initial state such as
power-on, the half-mirror 23 is set at a use position
represented by the solid line in FIG. 2 on the optical
axis of the photographing lens 2.

If the start of motion image photographing is not
designated (NO in step B12), the controller 32 drives
the half-mirror driving mechanism 43 to move up the
half-mirror 23 to a position represented by the broken
line in FIG. 2 and retract it from the optical axis of
the photographing lens 2 (step B13). At the timing
when a shutter key 9 is pressed halfway (YES in step
Bl4), the controller 32 executes a general autofocus
process (step B15).

The general autofocus process is to move the
photographing lens 2 forward and backward along the
optical axis by driving of the lens driving mechanism
41, search for an in-focus position on the basis of
the luminance signal of image data obtained from a

photographing CCD 21 during movement of the
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photographing lens 2, and position the photographing
lens 2 to the in-focus position. After the focus is
adjusted by the autofocus process, image data obtained
from the photographing CCD 21 at this position is
stored in a predetermined memory (memory card 38 or
internal memory 39) (step B16).

If the start of motion image photographing is
designated (YES in step B12) and ﬁhe half-mirror 23
is up, the controller 32 drives the half-mirror driving
mechanism 43 to move down the half-mirror 23 to the
position represented by the solid line in FIG. 2 and
set the half-mirror 23 on the optical axis of the
photographing lens 2 (step B17). Thereafter, the
controller 32 executes the autofocus process of this
system (step B18).

The autofocus process of this system is to search
for an in-focus position by using a focusing CCD 22 and
directly move the photographing lens 2 to the position,
as described in the first embodiment. This processing
operation i1s the same as that of the flowchart in
FIG. 8, and a description thereof will be omitted.

Upon power-on, the half-mirror 23 is set at the
use position in advance. Immediately when the start of
motion image photographing is designated, photographing
can be executed without moving the half-mirror 23.

The controller 32 successively stores image data

obtained from the photographing CCD 21 during autofocus
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operation in a predetermined memory (memory card 38

or internal memory 39) (steps B19 and B20). 1In this
case, the autofocus process of this system can provide
high-quality in-focus image data even during autofocus
operation, as described above.

In this way, the half-mirror 23 is used only
in photographing of a motion image, and is not used
in photographing of a still image. . This control
can prevent an out-of-focus recording image caused by
autofocus operation in photographing of a motion image.
In photographing of a still image, degradation of the
image quality of the still image can be prevented to
record a high-quality image.

In the second embodiment, the initial position
of the half-mirror 23 is set on the optical axis of
the photographing lens 2, and in photographing of
a still image, the half-mirror 23 is moved up and
retracted from the optical axis of the photographing
lens 2. However, these positions may be reversed.

That is, the initial position of the half-mirror
23 is set to a position (non-use position) retracted
from the optical axis of the photographing lens
2. Only in photographing of a motion image, the
half-mirror 23 may be moved down and positioned on
the optical axis of the photographing lens 2. This
setting allows taking a still image without moving

the half-mirror 23 immediately upon power-on.
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When photographing of a motion image is not
designated and, for example, a through image (image
which is obtained by the photographing lens 2 and
directly displayed on the viewfinder) for determining
the composition of a still image is displayed on the
viewfinder, all incident light from the photographing
lens 2 is allowed to enter the photographing CCD 21
without using the half-mirror 23. This can prevent a
decrease in incident light quantity even in display of
a through image.

The driving mechanism of the half-mirror 23 is
not particularly limited. The half-mirror 23 may be
pivoted up and down by using one end of the half-mirror
23 as a fulcrum, as shown in FIG. 2. In addition,

a slidable half-mirror may be used and slid on the
optical axis in photographing of a motion image.

The above embodiments have exemplified a digital
camera. However, the present invention can be applied
to any electronic device having a camera function such
as a camera-equipped cell phone.

The present invention is not limited to the above
embodiments, and can be variously modified without
departing from the spirit and scope of the invention on
the practical stage. The embodiments include inven-
tions on various stages, and various inventions can be
extracted by an appropriate combination of building

components disclosed.
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The method described in the above embodiments
can be written as a program executable by a computer
in a recording medium such as a magnetic disk (e.gq.,
flexible disk or hard disk) or an optical disk (e.qg.,
CD-ROM or DVD), and applied to various apparatuses.
The program itself may be transmitted by a transmission
medium such as a network, and applied to various appa-
ratuses. The computer which implements the apparatus
loads the program recorded on the recording medium or
the program provided via the transmission medium, and
executes the above-described process by controlling the
operation in accordance with the program.

The present invention can be practiced by using
various large-capacity recording media which will be
developed in the future, such as a next-generation
optical disk using a blue laser (e.g., Blue-ray Disc®
or AOD (Advanced Optical Disc)), an HD-DVD 9 using a
red laser, and a blue laser DVD using a blue-violet
laser in addition to the above-mentioned recording
media such as a CD-ROM and DVD-ROM.

Various illustrative logical blocks, modules,
and circuits described in association with the above
embodiments may be implemented by a general-purpose
processor, a digital signal processor (DSP), an
application specific IC (ASIC), a field programmable
gate array (FPGA), another programmable logic device,

a discrete gate or transistor logic element, a discrete
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hardware element, or an arbitrary combination designed
to execute the above~described functions.

The controller 32 may be implemented by a
processor, controller, or microcontroller. The
processor may be, e.g., a combination of a DSP and
microprocessor, a plurality of microprocessors, one
or a plurality of microprocessors interlocked with
a DDSP core, or a combination of computers having
such configuration.

The operation program may be resident in a RAM
memory, a flash memory, a ROM memory, an EPROM memory,
an EEPROM memory, a register, a hard disk, a removable
disk, a CD-ROM, or a storage medium of an arbitrary
technically known form.

The storage medium which stores the operation
program may be coupled to a processor so as to be
able to read information from the processor and write
information in the storage medium. The processor and
storage medium may be resident in the ASIC. Alter-
natively, the processor and storage medium may be
resident as different building components in the image
sensing apparatus.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited
to the specific details and representative embodiments

shown and described herein. Accordingly, various
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spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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CLAIMS

1. An image sensing apparatus comprising:

a photographing lens;

a first image sensing element configured to
receive light having passed through the photographing
lens and acquire image data corresponding to a received
light quantity;

recording means for recording image data obtained
by the first image sensing element;

a half-mirror interposed between the photographing
lens and the first image sensing element and configured
to split light having passed through the photographing
lens; and

a second image sensing element inserted in a light
splitting path of the half-mirror.

2. An apparatus according to claim 1, wherein the
second image sensing element is movably arranged along
a path of light split by the half-mirror.

3. An apparatus according to claim 2, wherein
a movable amount of the second image sensing element
is substantially twice a movable amount of the
photographing lens.

4. An apparatus according to claim 2, further
comprising focus control means for searching for an
in-focus position by moving the second image sensing
element within a predetermined range in photographing,

and for adjusting a focus by moving the photographing
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lens to the in-focus position on the basis of relative
positions of the second image sensing element and the
photographing lens after search.

5. An apparatus according to claim 4, wherein
the predetermined range within which the second image
sensing element is moved includes a range in which a
length of an optical path between the photographing
lens and the second image sensing element becomes equal
to a length of the predetermined range in accordance
with a position of the photographing lens.

6. An apparatus according to claim 1, wherein the
image data stored in the storage includes motion image
data.

7. An apparatus according to claim 4, wherein
the in-focus position is searched for by a contrast AF
method.

8. An image sensing apparatus comprising:

a photographing lens;

a first image sensing element configured to
receive light having passed through the photographing
lens and acquire image data corresponding to a received
light quantity; |

recording means for recording image data obtained
by the first image sensing element;

a movable half-mirror interposed between the
photographing lens and the first image sensing element

and configured to split light having passed through
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the photographing lens;

a second image sensing element which is movably
inserted iﬁ a light splitting path of the half-mirror;

first focus control means for, in photographing
of a still image, retracting the half-mirror from an
optical axis of the photographing lens, moving the
photographing lens within a predetermined range, and
adjusting a focus; and

second focus control means for, in photographing
of a motion image, positioning the half-mirror on the
optical axis of the photographing lens, searching for
an in-focus position by moving the second image sensing
element within a predetermined range, and adjusting the
focus by directly moving the photographing lens to the
in-focus position on the basis of relative positions of
the second image sensing element and the photographing
lens after search.

9. BAn apparatus according to claim 8, wherein
the half-mirror is positioned on the optical axis of
the photographing lens in an initial state, and set
to a position retracted from the optical axis of the
photographing lens in photographing of a still image.

10. An apparatus according to claim 8, wherein
the half-mirror is set at a position retracted from
the optical axis of the photographing lens in an
initial state, and set to a position on the optical

axis of the photographing lens in photographing of a
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motion image.

11. An apparatus according to claim 8, wherein
when a through image is displayed on an electronic
viewfinder of the image sensing apparatus, the
half-mirror is set to a position retracted from the
optical axis of the photographing lens.

12. An apparatus according to claim 8, wherein
the half-mirror is retracted from the optical axis
by pivoting the half-mirror by using one end of the
half-mirror as a fulcrum.

13. An apparatus according to claim 8, wherein
the half-mirror is retracted from the optical axis by
sliding the half-mirror.

14. A focus control method in an image sensing
apparatus having a photographing lens and an image
sensing element, comprising the steps of:

splitting light having passed through the
photographing lens by a half-mirror inserted in
an optical path;

searching for an in-focus position by moving
within a predetermined range a second image semnsing
element movably inserted in a light splitting path
of the half-mirror; and

adjusting a focus by directly moving the
photographing lens to the in-focus position on the
basis of relative positions of the second image sensing

element and the photographing lens after search.
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15. A method according to claim 14, further
comprising the steps of:

in photographing of a still image, retracting the
half-mirror from an optical axis of the photographing
lens, moving the photographing lens within a predeter-
mined range, and adjusting the focus; and

in photographing of a motion image, positioning
the half-mirror on the optical axis of the photo-
graphing lens, splitting light having passed through
the photographing lens by the half-mirror inserted in
the optical path, searching for the in—focus position
by moving within a predetermined range a second image
sensing element movably inserted in the light splitting
path of the half-mirror, and adjusting the focus by
directly moving the photographing lens to the in-focus
position on the basis of the relative positions of the
second image sensing element and the photographing
lens after search.

16. A computer program executed by a computer
which controls an image sensing apparatus having a
photographing lens and an image sensing element,
controlling the image sensing apparatus to perform
steps of:

receiving light having passed through the
photographing lens to acquire image data corresponding
to a received light quantity by the image sensing

element;
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splitting light having passed through the
photographing lens by a half-mirror inserted in
an optical path;

searching for an in-focus position by moving
within a predetermined range a second image sensing
element movably inserted in a light splitting path
of the half-mirror; and

adjusting a focus by directly moving the

photographing lens to the in-focus position on the

basis of relative positions of the second image sensing

element and the photographing lens after search.

17. A program according to claim 16, wherein
the image sensing apparatus is controlled to further
perform steps of

in photographing of a still image, retracting the
half-mirror from an optical axis of the photographing
lens, moving the photographing lens within a predeter-
mined range, and adjusting the focus, and

in photographing of a motion image, positioning
the half-mirror on the optical axis of the photo-
graphing lens, splitting light having passed through
the photographing lens by the half-mirror inserted in
the optical path, searching foxr the in-focus position
by moving within the predetermined range the second
image sensing element movably dinserted in the light
splitting path of the half-mirror, and adjusting the

focus by directly moving the photographing lens to
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the in-focus position on the basis of the relative
positions of the second image sensing element and

the photographing lens after search.
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