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IMAGE PICKUP APPARATUS WITH
ELECTRONIC AND OPTICAL ZOOM
FUNCTIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image pickup apparatuses
such as video cameras, electronic still cameras, and digital
still cameras.

2. Description of the Related Art

Conventional image pickup apparatuses such as video
cameras, electronic still cameras and digital still cameras
employ optical zooming which optically enlarges an image
with an optical unit like a zoom lens, and electronic zooming
which enlarges an image by electronic processing. The
electronic zoom introduces deterioration in the quality of the
image. Thus, for the resolution of the image to be
maintained, a technique for using the electronic zoom after
optically enlarging the image as large as possible is gener-
ally used.

FIG. 10 shows a schematic chart illustrating such optical
and electronic zoom operations in an image pickup appara-
tus like a video camera. Its horizontal axis represents the
operating time of a zoom switch (not shown), while its
vertical axis represents changes in view angle from a wide
angle (shown as W) to a telephoto angle (shown as T).
Initially, between point a where enlargement of an image
begins and point b, only optical zooming is performed to its
limit. If further enlargement of the image is needed, elec-
tronic zooming is performed from point b to point ¢ so that
a desired view angle is obtained.

In optical enlargement of the image, the image can hardly
be rapidly enlarged because the zoom lens is mechanically
driven. If such rapid enlargement of the image is needed, a
technique for simultaneously performing the optical zoom-
ing and rapid electronic zooming which uses electric opera-
tions is schematically shown in FIG. 11.

However, rapid zooming can hardly be performed in a
range where only the optical zooming (which mechanically
drives lenses) is performed.

In addition, although the image can rapidly be enlarged by
the zoom operation as shown in FIG. 11, the problem of
deterioration in resolution, caused by the electronic zoom,
still remains.

SUMMARY OF THE INVENTION

Accordingly, in view of the foregoing problems, it is an
object of the present invention to provide an image pickup
apparatus with a rapid zoom function, in which deterioration
in the image quality, caused by operation of the zoom
function, is minimized.

According to an aspect of the present invention, the
foregoing object has been achieved through the provision of
an image pickup apparatus including: first adjustment means
for optically adjusting a view angle; second adjustment
means for electronically adjusting the view angle; com-
manding means for giving a view-angle change command;
first control means for causing the second adjustment means
to adjust the view angle based on the view-angle change
command; and second control means for controlling the
adjustment of the view angle so as to be substantially
transferred from the second adjustment means to the first
adjustment means, while maintaining the view angle com-
manded by the commanding means.
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According to another aspect of the present invention, the
foregoing object has been achieved through the provision of
an image pickup apparatus including: first adjustment means
for optically adjusting a view angle; second adjustment
means for electronically adjusting the view angle; com-
manding means for giving a view-angle change command;
first control means for simultaneously driving the first
adjustment means and the second adjustment means in order
to change the view angle to a view angle based on the
view-angle change command provided by the commanding
means; and second control means for controlling the adjust-
ment of the view angle so as to be substantially transferred
from the second adjustment means to the first adjustment
means, while maintaining the view angle corresponding to
the view-angle change command.

According to still another aspect of the present invention,
the foregoing object has been achieved through the provi-
sion of an image pickup apparatus including: a zoom lens for
optically adjusting a view angle; an image pickup device for
capturing the image of a subject through the zoom lens; an
electronic zoom processing circuit for the electronic zoom
processing of an output signal obtained from the image
pickup device; a zoom switch for giving a view-angle
change command; a first control circuit for causing said
electronic zoom processing circuit to adjust the view angle
based on the view-angle change command; and a second
control circuit for controlling the adjustment of the view
angle so as to be substantially transferred from the electronic
zoom processing circuit to the zoom lens, while maintaining
the view angle corresponding to the view angle change
command.

According to a further aspect of the present invention, the
foregoing object has been achieved through the provision of
an image pickup apparatus including: a zoom lens for
optically adjusting a view angle; an image pickup device for
capturing the image of a subject through the zoom lens; an
electronic zoom processing circuit for the electronic zoom
processing of an output signal obtained from the image
pickup device; a zoom switch for giving a view-angle
change command,; a first control circuit for causing the zoom
lens and the electronic zoom processing circuit to adjust the
view angle based on the view-angle change command; and
a second control circuit for controlling the adjustment of the
view angle so as to be substantially transferred from the
electronic zoom processing circuit to the zoom lens, while
maintaining the view angle corresponding to the view-angle
change command.

According to a still further aspect of the present invention,
the foregoing object has been achieved through the provi-
sion of an image pickup apparatus including: a zoom lens for
optically adjusting a view angle; an image pickup device for
capturing the image of a subject through the zoom lens; an
electronic zoom processing circuit for the electronic zoom
processing of an output signal from the image pickup
device; an auto-zoom switch for setting the size of the
subject within a screen to a predetermined size; a memory in
which the magnification of the image of the subject and the
distance to the subject, which have been set by the auto-
zoom switch, are stored; an operation processing circuit for
calculating a view angle to maintain the size of the subject
image (based on a change between the distance to the subject
and the present distance to the subject) and the magnification
of the subject image, which are stored in the memorys; a first
control circuit for driving the electronic zoom processing
circuit to obtain the view angle calculated by the operation
processing circuit; and a second control circuit for control-
ling the adjustment of the view angle so as to be substan-
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tially transferred from the electronic zoom processing circuit
to the zoom lens, while maintaining the view angle calcu-
lated by the operation processing circuit.

According to another aspect of the present invention, the
foregoing object has been achieved through the provision of
an image pickup apparatus including: a zoom lens for
optically adjusting a view angle; an image pickup device for
capturing the image of a subject through the zoom lens; an
electronic zoom processing circuit for the electronic zoom
processing of an output signal from the image pickup
device; an auto-zoom switch for setting the size of the
subject within a screen to a predetermined size; a memory in
which the magnification of the image of the subject and the
distance to the subject (which have been set by the auto-
zoom switch) are stored; an operation processing circuit for
calculating a view angle to maintain the size of the subject
image (based on a change between the distance to the subject
and the present distance to the subject) and the magnification
of the subject image, which are stored in the memory; a first
control circuit for simultaneously driving the zoom lens and
the electronic zoom processing circuit to obtain the view
angle calculated by the operation processing circuit; and a
second control circuit for controlling the adjustment of the
view angle so as to be substantially transferred from the
electronic zoom processing circuit to the zoom lens, while
maintaining the view angle obtained by the first control
circuit.

According to an additional aspect of the present
invention, the foregoing object has been achieved through
the provision of a storage medium in which a program for
adjusting a view angle for an image pickup apparatus is
stored, the storage medium activating the processes of:
executing electronic zooming in order to obtain a view angle
based on a view-angle change command; and maintaining
the view angle obtained by the electronic zooming by
substantially driving a zoom lens, with the view angle
unchanged.

According to a further aspect of the present invention, the
foregoing object has been achieved through the provision of
a storage medium in which a program for adjusting a view
angle for an image pickup apparatus is stored, the storage
medium activating the processes of: executing electronic
zooming and the driving of a zoom lens in order to obtain a
view angle based on a view-angle change command; and
maintaining the view angle obtained by the electronic zoom-
ing by substantially driving the zoom lens, with the view
angle unchanged.

Other objects and features of the present invention will
become apparent from the following description and the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an image pickup
apparatus according to an embodiment of the present inven-
tion.

FIG. 2 is a flowchart showing a process in which optical
zooming and electronic zooming according to the embodi-
ment of the present invention are performed.

FIG. 3A is a schematic chart showing changes in view
angle, caused by the combination of optical zooming and
electronic zooming.

FIG. 3B is a schematic chart showing changes in view
angle, caused by the combination of optical zooming and
electronic zooming when the optical zooming has been
performed to its limit.

FIG. 4 is a schematic chart showing changes in view angle
in the wide-direction, caused by the combination of optical
zooming and electronic zooming.
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4

FIG. 5A is a schematic chart showing changes in view
angle, caused by the combination of optical zooming and
electronic zooming in the tele-direction.

FIG. 5B is a schematic chart showing changes in the view
angle, caused by the combination of optical zooming and
electronic zooming when both zooms magnify to their
limits.

FIG. 6, including FIGS. 6A and 6B is a flowchart showing
a process in which the electronic zoom and the optical zoom
are operated, according to the embodiment of the present
invention.

FIG. 7 is a flowchart showing the operations of the optical
zoom and the electronic zoom when an auto-zoom is used,
according to the embodiment of the present invention.

FIG. 8 is a view showing the distance between the image
pickup apparatus and a subject.

FIG. 9A is a chart showing an image obtained when the
subject is at position A.

FIG. 9B is a chart showing an image obtained when the
subject is at position B.

FIG. 10 is a schematic chart showing the conventional
operations of electronic zooming and optical zooming.

FIG. 11 is a schematic chart showing the conventional
operations of electronic zooming and optical zooming.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be described
below.

FIG. 1 shows a block diagram of an image pickup
apparatus according to the embodiment.

A system control circuit 101 (including a CPU) controls
recording and reproduction in accordance with on/off-
operation commands from a recording switch (REC) 103, a
reproduction switch 104 and so forth, and commands an
auto-focus (AF) microcomputer 102 to adjust an AF
operation, a diaphragm and so forth when controlling a
Zoom.

The commanded AF microcomputer 102 receives a Y
signal as a brightness signal from a camera process circuit
106, and adjusts the diaphragm for lenses in a lens control
system 105 so that the bright signal level is set to a
predetermined level. The AF microcomputer 102 also con-
trols the AF operation in the lens control system 105 by
receiving an AF signal (e.g., high frequency component)
varying with the focus condition in the brightness signal.

In accordance with a zoom operation command through a
zoom switch 110, the lens control system 105 performs
zooming.

In addition, when an auto-zoom switch 109 has been
turned on by a user, the system control circuit 101 uses the
AF microcomputer 102 to drive the lens control system 105
so that an image of a subject is captured with its size
maintained identical at all times.

A charge-coupled device (CCD) 107 converts an image of
the subject to an electrical image signal. An analog-to-digital
conversion of the image signal converted by the CCD 107 is
performed by an analog-to-digital (A/D) converter 114, and
the obtained signal is converted by the camera process
circuit 106 to a video signal such as a standardized NTSC
signal or the like. At this time, if necessary, the image is
enlarged by an electronic processing system 108. The
digital-to-analog (D/A) conversion of the video signal is
performed by a D/A converter 115, and the converted signal
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is displayed with an EVF or on a monitor, or is recorded on
a recording medium like a magnetic tape.

The electronic zoom processing system 108 enlarges the
video signal stored in a memory 112 with an electronic zoom
microcomputer 111 to a desired view angle, and outputs a
video signal in which gaps among scanning lines, caused by
enlargement of the image, are interpolated by an interpola-
tion circuit 113. The operation of an optical zoom (as first
adjustment means in the lens control system 105), and the
operation of an electronic zoom (as second adjustment
means in the electronic zoom processing system 108) in the
above-structured image pickup apparatus are shown in the
flowchart of FIG. 2, and will be described by referring to
FIGS. 3A, 3B and 4 showing changes in view angle and
changes in the electronic zoom and the optical zoom which
control the view angle. Zoom control by the system control
circuit 101 which functions as the first and second means is
performed by referring to programs stored in a read-only
memory (ROM) 116.

The operation of a zoom switch 110 transfers a view-
angle control command to the system control circuit 101
(step 201).

The process determines whether the operated zoom direc-
tion is a tele-direction (shown as “T-direction”) toward to the
tele end or a wide-direction (shown as “W-direction™)
toward to the wide end (step 208). If the direction is the
tele-direction, the system control circuit 101 commands the
AF microcomputer 102 and the electronic zoom microcom-
puter 111 to simultaneously perform optical zooming (step
209) and electronic zooming (step 202) in the tele
(enlargement)-direction so that a view angle desired by the
user is obtained as shown in FIG. 3A from point a to point
b. Magnification is determined by multiplying the optical
zoom magnification and electronic zoom magnification.

When the desired magnification has been obtained (step
203), the system control circuit 101 simultaneously per-
forms the electronic zooming in the wide-direction (step
204) and the optical zooming in the tele-direction (step 210)
so that they function oppositely, while maintaining the
obtained magnification, so the magnification controlled by
the optical zoom is dominant.

In step 205, the process determines whether or not the
optical zoom has reached the tele end. If not, the process
determines whether or not the electronic zoom has reached
its width-directional end (step 211).

If the electronic zoom has not reached its wide end, the
process returns to step 204 and the electronic zooming and
the optical zooming continue to be oppositely performed.

When optical zooming is performed in the tele-direction
and enlargement of the image by optical zooming in accor-
dance with the properties of lenses has been performed to the
magnification limit (step 205), in other words, when the
optical zooming is performed to its tele end and a desired
magnification has been obtained (step 203) (point d in FIG.
3B), the system control circuit 101 terminates operation of
the optical zooming and the electronic zooming (steps 207
and 206, respectively).

When optical zooming and electronic zooming are oppo-
sitely performed in the tele and the wide-direction in steps
204 and 210, and zooming by the electronic zoom in the
width-direction in step 211 has reached its limit, control of
the view angle is transferred to the electronic zoom and the
optical zoom (point ¢ in FIG. 3A), and the system control
circuit 101 terminates operation of the electronic zoom and
the optical zoom (steps 206 and 207, respectively).

In addition, in step 208, if the process has determined that
zooming is being performed in the wide (wide-angle)-
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6

direction, the electronic zoom and the optical zoom are
simultaneously performed in the wide-direction (steps 211
and 212, respectively).

In step 213, if the zooming has reached the desired
magnification (point b in FIG. 4), the system control circuit
101 oppositely performs the electronic zoom in the wide-
direction and the optical zoom in the tele-direction, while
maintaining the view angle of the desired magnification
(steps 214 and 215, respectively).

In step 216, if electronic zooming is performed to its
wide-angle limit, the operations of the electronic zoom and
the optical zoom are terminated (point ¢ in FIG. 4 shows a
condition in which the electronic zoom has reached its zoom
driving limit between points b and c).

In step 217, if magnification by optical zooming has
reached its limit, the electronic zoom and optical zoom
operations are terminated (steps 206 and 207, respectively).

As described above, by providing control means for
performing optical zooming as the first adjustment means
and electronic zooming as the second adjustment means to
reach the view angle desired by the user, rapid zooming is
realized. In addition, control of the view angle is transferred
to the optical zoom, while maintaining the desired view
angle. Thus, a pickup image having a preferable resolution
can be provided. Moreover, when the desired view angle
cannot be maintained because optical zooming has been
performed to its limit, electronic zooming is performed.
Thus, high resolution can be obtained with zooming per-
formed at the highest possible speed and the desired view
angle maintained.

According to the above description, zooming from point
a to point b in FIG. 3 in order to obtain the view angle
desired by the user is performed by both the electronic zoom
and the optical zoom. However, the zooming may be per-
formed by only the electronic zoom because the electronic
zoom can be rapidly performed.

Changes in view angle in accordance with such operations
of the electronic zoom and the optical zoom are schemati-
cally shown in FIGS. 5A and 5B, and a flowchart of when
the view angle changes is shown in FIG. 6. FIGS. 5A and 5B
are identical to FIGS. 3A and 3B, respectively, except
adjustment of the view angle between points a and b is
controlled by only the electronic zoom. Accordingly,
descriptions of similarities will be omitted.

As shown in the flowchart of FIG. 6, in order to obtain the
desired magnification, when zooming is performed in the
tele-direction, initially in step 202, only electronic zooming
is performed in the tele-direction, and when the electronic
zooming has been performed to its limit (step 220), optical
zooming is performed in the tele-direction (step 221).
Thereby, the variable range of the view angle is expanded.

When zooming is performed in the wide-direction, only
electronic zooming is performed in the wide-direction ini-
tially in step 211, and when the electronic zooming has been
performed to its limit (step 218), optical zooming is per-
formed in the wide-direction (step 219). Since the other
points are similar to those described in FIGS. 3A and 3B, a
description thereof will be omitted.

As described above, the electronic zoom enables rapid
zooming to a desired view angle. In addition, control of the
view angle is transferred to the optical zoom after the desired
view angle has been obtained, thus, an image having high
resolution can be obtained.

For example, when the subject moves from A to B as
shown in FIG. 8, an image captured by the image pickup
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apparatus 801 is displayed on a monitor or the like, as shown
in FIGS. 9A and 9B.

According to the following embodiment, in which the
present invention is applied to an auto-zoom function
capable of obtaining a normally constant sized image of a
subject as shown in FIG. 9A, by performing optical zooming
and electronic zooming even when the distance to the
subject changes while the image is being captured, and in
spite of a rapid change in the distance to the subject, the size
to which the subject image was maintained can be retrieved
in a short time by performing optical zooming and electronic
zooming. While a view angle corresponding to the size of
the subject image is being maintained, successive control of
the view angle can substantially be transferred to the optical
zoom, thereby the amount of control of the view angle by the
electronic zoom is decreased, thus, an image having a high
resolution can be obtained.

FIG. 7 shows a flowchart of an operation of an auto-zoom
according to the embodiment. The operation will be
described by referring to the flowchart.

When the auto-zoom switch 109 in FIG. 1 is turned on
(step 701), the magnification of a view angle and the
distance to a subject at the time are stored in a storage unit
(not shown) (step 702).

In step 703, when the distance between the image pickup
apparatus and the subject changes while the image is being
captured, change between the distance to the subject
(determined when the auto-zoom switch 109 has been turned
on) and the present distance to the subject is detected.

The distance to the subject is detected from positional
information on a focus lens. In other words, the AF micro-
computer 102 functioning as AF means always brings the
subject into focus, thus, the distance to the subject can be
found by detecting the position of the focus lens.

In step 705, based on the change obtained in step 704, a
zoom magnification for making the size of the subject image
constant within a screen is calculated by the system control
circuit 101 (operation circuit) functioning as maintenance
means.

In step 705, when the zoom magnification for maintaining
the constant size of the subject image has been determined,
the system control circuit 101 transmits drive commands to
the electronic zoom microcomputer 111 and the AF micro-
computer 102 to simultaneously drive the electronic zoom
and the optical zoom in the same direction (together in the
tele-direction or wide-direction) (steps 706 and 707,
respectively).

In step 708, electronic zooming and optical zooming are
performed by the electronic zoom microcomputer 111 and
the AF microcomputer 102 until the calculated magnifica-
tion is obtained, after which electronic zooming is per-
formed in the wide-direction (step 709) and optical zooming
is performed in the tele-direction (step 710).

In the process of the above operation, when optical
zooming has been performed to its limit in the tele-direction
in step 711, the operations of the electronic zoom and the
optical zoom are terminated (steps 712 and 713,
respectively).

In step 714, when electronic zooming has been performed
to its limit in the wide-direction, the electronic zoom and
optical zoom operations are terminated (steps 712 and 713,
respectively).
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According to the above-described image pickup apparatus
having an auto-zoom function capable of obtaining a con-
stant sized subject image by performing optical zooming as
first adjustment means and electronic zooming as second
adjustment means even when the distance to the subject
changes, rapid zooming to a calculated magnification for a
constant subject image can be realized. In addition, while the
calculated magnification is being maintained, control of the
view angle is transferred to the optical zoom, which can thus
provide an image pickup apparatus capable of obtaining
images having high resolution.

The individual components shown in outline or desig-
nated by blocks in the Drawings are all well-known in the
image recording arts, and their specific construction and
operation are not critical to the operation or best mode for
carrying out the invention.

While the present invention has been described with
respect to what is presently considered to be the preferred
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments. To the contrary, the
invention is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

What is claimed is:
1. An image pickup apparatus comprising:

first adjustment means for optically adjusting a view
angle;

second adjustment means for electronically adjusting the
view angle;

command input means for inputting a view-angle change
command,

first control means for concurrently driving both said first
adjustment means and said second adjustment means in
a tele-direction from beginning to end of a view-angle
change corresponding to a view-angle change com-
mand to zoom in the tele-direction, while said com-
mand input means inputs the view-angle change com-
mand to zoom in the tele-direction; and

second control means for concurrently driving said first
adjustment means in the tele-direction, and driving said
second adjustment means in a wide-angle direction,
while maintaining the view angle corresponding to the
view-angle change command, after said command
input means inputs the view-angle change command to
zoom in the tele-direction.

2. An image pickup apparatus according to claim 1,
wherein, when said first adjustment means cannot suffi-
ciently maintain the view angle, said second control means
causes said second adjustment means to adjust the view
angle with said first adjustment means.

3. An image pickup apparatus according to claim 1,
wherein said first adjustment means comprises a zoom lens
for optically changing the magnification of an image of an
object.

4. An image pickup apparatus according to claim 1,
wherein said second adjustment means comprises an elec-
tronic zoom processing circuit for electronically changing
the magnification of an image of an object.

5. An image pickup apparatus according to claim 1,
wherein, when at least one of said first adjustment means
and said second adjustment means is driven to the limit
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thereof, said second control means terminates the driving of
said first adjustment means and said second adjustment
means.

6. An image pickup apparatus comprising:

a zoom lens for optically adjusting a view angle;

an image pickup device for capturing an image of an
object through said zoom lens;

an electronic zoom processing circuit for electronic zoom
processing an output signal obtained from said image
pickup device;

a zoom switch for inputting a view-angle change com-
mand; and

a control circuit that concurrently drives both said zoom
lens and said electronic zoom processing circuit from
beginning to end of a view angle change in a tele-
direction corresponding to a view-angle change com-
mand to zoom in the tele-direction, while said zoom
switch inputs the view-angle change command to zoom
in the tele-direction, and wherein thereafter said control
circuit concurrently drives said zoom lens in the tele-
direction, and drives said electronic zoom processing
circuit in a wide-angle direction, while maintaining the
view angle corresponding to the view-angle change
command.

7. An image pickup apparatus according to claim 6,
wherein, when said zoom lens cannot sufficiently maintain
the view angle, said control circuit causes said electronic
zoom processing circuit to adjust the view angle with said
zoom lens.

8. An image pickup apparatus according to claim 6,
wherein, when at least one of said zoom lens and said
electronic zoom processing circuit is driven to the limit
thereof, said control circuit terminates the driving of said
zoom lens and said electronic zoom processing circuit.
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9. An image pickup apparatus comprising:

a zoom lens for optically adjusting a view angle;

an image pickup device for capturing an image of an
object through said zoom lens;

an electronic zoom processing circuit for electronic zoom
processing an output signal obtained from said image
pickup device;

a zoom switch for inputting a view-angle change com-
mand; and

a control circuit that concurrently drives both said zoom
lens and said electronic zoom processing circuit from
beginning to end of a view angle change in a tele-
direction corresponding to a view-angle change com-
mand to zoom in the tele-direction, while said zoom
switch inputs the view-angle change command to zoom
in the tele-direction.

10. A method for picking up an image comprising the

steps of:

optically adjusting a view angle using a zoom lens;

capturing an image of an object through the zoom lens
using an image pickup device;

electronic zoom processing an output signal obtained in
said capturing step using an electronic zoom processing
circuit;

inputting a view-angle change command; and

concurrently driving both the zoom lens and the electronic
zoom processing circuit from beginning to end of a
view angle change in a tele-direction corresponding to
a view-angle change command to zoom in the tele-
direction, while the view-angle change command to
zoom in the tele-direction is input in said view-angle
inputting step.
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