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IMAGE PICKUP APPARATUS

This application is a continuation of application Ser. No.
08/103,091 filed Aug. 6, 1993, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to improvements in an
image pickup apparatus such as a video camera, a still
camera or a silver-halide camera, an image reproducing
apparatus for reproducing an image recorded by such an
image pickup apparatus, and a video system formed by a
combination of these apparatus.

2. Description of the Related Art

Conventionally, in an image pickup apparatus, the distor-
tion of a photographic image occurs due to the distortional
aberration of each individual photographic lens and a dis-
tortion which cannot be completely eliminated in every
stage of the design of the photographic lens remains in an
image as a residual distortional aberration. As one method
for electronically eliminating the residual distortional
aberration, it is known that an electron beam is made to scan
in distorted form on the basis of the distortional aberration
of a photographic lens in an image pickup apparatus using
an image pickup tube such as the Plumbicon.

Japanese Laid-Open Patent Application No. Hei 2-252375
discloses another proposal to obtain image data from an
image pickup device such as a CCD and correct the image
data in the form of a digital signal.

However, the above-described conventional example has
a number of problems. For example, since correction of
image data is performed with the center (optical axis) of an
image plane selected as a datum, on the basis of the focal
length of the photographic lens, i.e., as shown in FIGS. 25(a)
and 25(b), no image data present in the peripheral portion of
the image plane is employed in the case of correction of a
negative (barrel form) distortion, as shown in FIG. 26(a). In
contrast, in the case of correction of a positive (pincushion
form) distortion, image data present in the peripheral portion
of the image plane is lost as shown in FIG. 26(b).

Another distortional-aberration correcting method has
been proposed with respect to a camera provided with a
solid-state image pickup device. According to this method,
pixel signals are read out from the solid-state image pickup
device in accordance with the geometrical deformation of an
image which occurs in a photographic lens, and the read-out
pixel signals are subjected to interpolation so that the
distortional aberration of the image is corrected. However, in
a case where a zoom lens is used as the objective lens, if
correction of the distortional aberration of the zoom lens is
to be performed at each photographing position thereof by
using signal processing, an enormous amount of computing
processing and an extremely long computing time as well as
a large-scale signal processing circuit are needed for the
signal processing. For this reason, although the utilization of
this proposal is considered in an extremely limited field,
such as a broadcasting station, which needs high-quality
images, the aforesaid proposal has not currently been popu-
lar.

An art of carrying out electronic zooming by performing
signal processing of a signal obtained from an image pickup
device, such as a CCD, has also heretofore been known.

According to the known art, since it is necessary to
position an image of an object to be electronically zoomed,
in an electronic-zoom frame provided in the center of an
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image plane, the electronic zooming is not very useful in
photographing a moving object to which the electronic
zooming seems able to be advantageously applied. This is
because it is necessary to move the entire image pickup
apparatus in accordance with the movement of the object so
that an image of the moving object can be positioned in the
electronic-zoom frame at all times, with the result that an
image shake easily occurs due to the movement of the entire
image pickup apparatus.

For example, such an image pickup apparatus having an
electronic-zoom function is arranged to perform coordinate
transformation so as to enlarge an original image which is
not electronically zoomed, as shown in the left-hand portion
of FIG. 56, to a size equivalent to an electronic-zoom frame
in which an object selected as a target is to be positioned. By
performing the coordinate transformation, the image pickup
apparatus can provide an enlarged image such as that shown
in the right-hand portion of FIG. 56.

However, the above-described conventional example has
the following problem. Since a photographer cannot obtain
image information outside of the electronic-zoom frame
while the electronic-zoom function is operating, the photog-
rapher encounters the problem that an object, particularly a
moving object, occasionally leaves the image plane or that
another foreign object suddenly enters the electronic-zoom
frame and appears in the image plane. For this reason, it is
difficult for the photographer to fully utilize the electronic-
zoom function.

As is known in the art, the so-called electronic zoom is
intended to achieve an apparent increase in the telephoto
effect of an optical system when the optical system is set to
its telephoto end, and to attain a large zoom effect without
increasing the size of the optical system.

By sequentially executing the electronic zoom and optical
zoom (or an optical zooming operation) capable of varying
the focal length of the optical system, it is possible to
achieve an effect equivalent to the zoom range of a zoom
lens having a zoom ratio equal to a multiplication of the
zoom ratio of the optical zoom and that of the electronic
Zoom.

For example, if the optical system has focal lengths of
8-80 mm and the electronic has a zoom ratio of 2 times, it
is possible to obtain a lens having focal lengths equivalent
to 8-160 mm.

However, in such an electronic zoom, although it is
possible to enlarge an image, it is impossible to enlarge an
angle of view. Accordingly, although it is possible to achieve
“an increase in the telephoto effect”, it is impossible to
realize “an increase in a wide-angle effect”.

Although a lens system may be beforehand designed to
have a wide angle of view, there is the problem that the lens
system becomes large.

A plurality of means for shifting the focal length of the
lens system toward its wide-angle side have recently been
proposed in light of the problem.

One well-known method for shifting the focal length of
the lens system toward the wide-angle side is disclosed in,
for example, Japanese Laid-Open Patent Application No.
Sho 59-204817. In this method, an afocal converter made up
of lenses having negative and positive refractive powers is
disposed forward of the optical system so that the wide-
angle effect of the lens system can be increased.

However, since the afocal converter is made up of two or
three lenses, there is the problem that if the afocal converter
is disposed forward of the optical system, the entire lens
system increases in size.
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According to another known method, a negative lens is
inserted forward of a principal optical system, and the
close-up photography capability of the principal optical
system is utilized to achieve an increase in the wide-angle
effect of the lens system.

However, if the focal length of the lens system is discon-
tinuously converted from its wide-angle end toward a far
wider-angle side, there is the problem that no photography
can be performed at any angle of view between the wide-
angle end and the far wider-angle side.

SUMMARY OF THE INVENTION

It is, therefore, a first object of the present invention to
provide an apparatus for performing signal processing of an
image signal obtained from an image pickup device and
deforming an image into a desired form and enlarging the
image up to a desired size.

A second object of the present invention is to provide an
apparatus for correcting a distortion of an image necessarily
occurring due to a photographic lens, i.e., distortional
aberration, by using an electrical method.

A third object of the present invention is to provide an
control device for controlling a so-called electronic zoom
which is arranged to cause an image pickup device to receive
an optical image formed by a photographic lens, perform
signal processing of a signal output of the image pickup
device, and vary the size of an image.

A fourth object of the present invention is to provide an
image pickup apparatus which permits a photographer to
confirm image information outside of an electronic-zoom
frame during electronic zooming, thereby expanding a pho-
tographic opportunity and enabling the photographer to
securely use the electronic zoom.

A fifth object of the present invention is to provide an
image pickup apparatus capable of smoothly varying an
angle of view during switching from optical zoom to elec-
tronic zoom or during switching from electronic zoom to
optical zoom.

Asixth embodiment of the present invention is to provide
a camera provided with a zoom function capable of con-
tinuously varying an angle of view from a wide-angle end
toward an ultra-wide-angle side so that a photographer can
smoothly perform photography even during zooming
through the angles of view between the wide-angle end and
the ultra-wide-angle side.

The above and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing detailed description of preferred embodiments of the
present invention, taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing the
arrangement of an image pickup apparatus according to a
first embodiment of the present invention;

FIG. 2 is a flowchart showing the operation of the image
controlling circuit 102;

FIG. 3 is a view showing distorted scanning lines;

FIG. 4 is a fragmentary schematic view which serves to
explain pixels used for interpolation processing;

FIG. 5 is a flowchart showing a distortion correcting
operation according to the first embodiment of the present
invention;

FIGS. 6(a), 6(b) and 6(c) are views aiding in explaining
the manner of correction of distortional aberration with
reference to FIG. 5;
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FIG. 7 is a view aiding in explaining the manner of
correction of distortional aberration with reference to FIG. 5;

FIG. 8 is a view aiding in explaining the manner of
correction of distortional aberration with reference to FIG. §;

FIG. 9 is a view aiding in explaining the manner of
correction of distortional aberration with reference to FIG. §5;

FIG. 10 is a view aiding in explaining the manner of
correction of distortional aberration with reference to FIG. §5;

FIG. 11 is a view aiding in explaining the manner of
correction of distortional aberration with reference to FIG. 5;

FIG. 12 is a cross sectional view of a lens, suitable for
image correction, which produces a large negative distor-
tional aberration on its wide-angle side;

FIGS. 13(a)-13(c) are views showing aberrations which
occur at the wide-angle end of the lens shown in FIG. 12;

FIGS. 14(a)-14(c) are views showing aberrations which
occur at the telephoto end of the lens shown in FIG. 12;

FIGS. 15(a) to 15(c) are views showing a numerical
example of the lens shown in FIG. 12;

FIGS. 16(a) to 16(e) are views diagrammatically showing
the manner of distortion correction performed according to
the first embodiment of the present invention;

FIG. 17 is a view schematically showing the essential
portions of an image pickup apparatus to which the first
embodiment of the present invention can be applied and
which is arranged to separate incident light into three color
components and pick up a color image;

FIGS. 18(a) to 18(c) are views diagrammatically showing
the manner of distortion correction performed according to
the second embodiment of the present invention;

FIG. 19 is a flowchart showing a distortion correcting
operation according to the second embodiment of the
present invention;

FIG. 20 is a view aiding in explaining the manner of
correction of distortional aberration with reference to FIG.
19;

FIG. 21 is a schematic view showing the manner of
distortion correction which is performed by an arrangement
in which an electronic-zoom function is added to the appa-
ratus according to the third embodiment of the present
invention;

FIG. 22 is a schematic view showing the manner of
another distortion correction which is performed by the
arrangement in which the electronic-zoom function is added
to the apparatus according to the third embodiment of the
present invention;

FIG. 23 is a block diagram showing a video system
according to a fourth embodiment of the present invention;

FIG. 24 is a video system in which the imaging apparatus
of FIG. 23 is replaced with a silver-halide camera;

FIGS. 25(a) and 25(b) are views which serve to explain
distortion correction performed in a conventional image
pickup apparatus;

FIGS. 26(a) and 26(b) are views which serve to explain
problems involved in the distortion correction performed in
the conventional image pickup apparatus;

FIGS. 27(a)-1, 27(a)-2, and 27(a)-3, and FIGS. 27(b)-1,
27(b)-2, and 27(b)-3, are views respectively showing the
optical performance of a photographic zoom lens according
to a fifth embodiment of the present invention and that of a
general photographic zoom lens;

FIG. 28 is a block diagram schematically showing the
arrangement of a solid-state image pickup camera according
to the fifth embodiment of the present invention;
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FIG. 29 is a mechanism diagram showing the photo-
graphic zoom lens and a focal length detecting part of the
solid-state image pickup camera shown in FIG. 28;

FIG. 30 is a flowchart showing the operation of the
solid-state image pickup camera shown in FIG. 28;

FIG. 31 is a schematic view which serves to explain the
operation of the photographic zoom lens shown in FIG. 28;

FIG. 32 is a schematic diagram showing the relationship
between the pixels of a CCD and an image formed thereon;

FIG. 33 is a schematic view showing the relationship
between pixels of the line memory shown in FIG. 28 and
scanning lines;

FIG. 34 is a schematic view showing interpolation pro-
cessing performed by the interpolation circuit shown in FIG.

FIG. 35 is a schematic view which serves to explain
distortional-aberration correcting processing according to
the fifth embodiment of the present invention;

FIGS. 36(a)-36(c) are views showing one example of the
optical performance of a photographic zoom lens used in a
sixth embodiment of the present invention;

FIGS. 37(a)-37(c) are views showing one example of a
variation in distortional aberration depending on shooting
distance, in the neighborhood of the wide-angle end of the
photographic zoom lens used in the sixth embodiment of the
present invention;

FIG. 38 is a block diagram schematically showing the
focal length detecting part and the shooting distance detect-
ing part of a solid-state image pickup camera according to
the sixth embodiment of the present invention;

FIG. 39 is a flowchart showing the operation of the
solid-state image pickup camera shown in FIG. 38;

FIG. 40 is a block diagram schematically showing the
arrangement of a solid-state image pickup camera according
to a seventh embodiment of the present invention;

FIG. 41 is a view which serves to explain distortional-
aberration correcting processing according to the seventh
embodiment of the present invention;

FIG. 42 is a flowchart showing the distortion correcting
operation of the solid-state image pickup camera according
to the seventh embodiment of the present invention;

FIG. 43 is a flowchart showing the distortion correcting
operation of a solid-state image pickup camera according to
an eighth embodiment of the present invention;

FIG. 44 is an explanatory view which serves to explain
the manner of calculation of the amount of correction
performed in Step S253 of FIG. 43,

FIG. 45 is a block diagram schematically showing the
arrangement of a ninth embodiment of the present invention;
FIG. 46 shows one example of a photographic image;

FIG. 47 shows an image example obtainable by electroni-
cally enlarging a central portion of the image shown in FIG.
46;

FIG. 48 shows an area to which an electronic-zoom frame
is to be moved according to the ninth embodiment of the
present invention;

FIG. 49 is a flowchart of the operation of the ninth
embodiment of the present invention;

FIG. 50 shows an electronically zoomed image obtainable
when the electronic-zoom frame is moved to the area C
shown in FIG. 48;

FIG. 51 is a block diagram schematically showing the
arrangement of a tenth embodiment of the present invention;
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FIG. 52 shows a combined image according to the tenth
embodiment of the present invention;

FIG. 53 is a block diagram showing the circuit arrange-
ment of an image pickup apparatus according to an eleventh
embodiment of the present invention;

FIG. 54 is a flowchart showing the operation of the image
pickup apparatus shown in FIG. 53;

FIG. 55 is a view showing one example obtained by
displaying an original image, which is not electronically
zoomed, in the form of an subsidiary image plane within an
electronically zoomed image plane in accordance with the
eleventh embodiment of the present invention;

FIG. 56 is a view showing an original image which is not
electronically zoomed and an image obtainable by enlarging
a portion of the original image by electronic zoom;

FIG. 57 is a block diagram showing the circuit arrange-
ment of an image pickup apparatus according to a twelfth
embodiment of the present invention;

FIG. 58 is a flowchart showing the operation of the image
pickup apparatus shown in FIG. 57;

FIGS. 59(a) and 59(b) are views showing variations in an
image-plane cutting frame for the purpose of varying the
speed of the electronic zoom according to the twelfth
embodiment of the present invention;

FIG. 60 is a block diagram showing the circuit arrange-
ment and the optical system of a camera having a zoom
function according to a thirteenth embodiment of the present
invention;

FIG. 61 is a flowchart showing the operation of perform-
ing zooming from a telephoto end to a wide-angle side (an
ultra-wide-angle end) in the thirteenth embodiment of the
present invention; and

FIG. 62 is a block diagram showing the circuit arrange-
ment and the optical system of a camera having a zoom
function according to a fourteenth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described below in detail with reference to the accompany-
ing drawings.

FIG. 1 is a block diagram schematically showing the
arrangement of an image pickup apparatus according to a
first embodiment of the present invention.

The arrangement shown in FIG. 1 includes a photographic
lens 100 which is formed as a lens assembly provided with
a focusing lens 100a and a variator lens 1005 and capable of
zooming, an image sensor 101 such as a CCD, an image
controlling circuit 102 for performing control of various
operations, such as correction of image distortion, a first
image memory 103 for memorizing image data obtained
from the image sensor 101, a second image memory 104 for
memorizing image data the distortion of which is corrected,
a data table 105 on which distortional-aberration informa-
tion about the photographic lens 100 is memorized, and a
zoom switch 106 for converting a zoom instruction given by
a photographer into an electrical signal.

FIG. 2 is a flowchart showing the operation of the image
controlling circuit 102. The operation will be described
below with reference to the flowchart.

[Step S1] The image controlling circuit 102 converts
image data supplied from the image sensor 101 into a video
signal and converts the video signal into a digital image
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signal by means of an A/D conversion circuit. The image
controlling circuit 102 causes the first image memory 103 to
memorize the digital image signal for one frame. The image
obtained at this time is an image distorted by the distortional
aberration of the photographic lens 100.

[Step S2] The focal length, i.e., the zoom position, of the
photographic lens 100 is detected from the position of the
variator lens 1005 which is one constituent element of the
photographic lens 100, and a zoom position which is aimed
at by the photographer is read from the zoom switch 106.

The process of obtaining zoom information from the
position of the variator lens 1005 and the zoom switch 106
in this manner is intended to perform correction of image
distortion with a datum in the correction of the image
distortion arbitrarily set as will be described later.

[step S3] An object distance is detected from the focusing
lens 100a which is one constituent element of the photo-
graphic lens 100.

This step is needed to perform image correction according
to the status of the photographic lens 100 since the distor-
tional aberration of the photographic lens 100 varies due to
zooming and focusing.

[Step S4] The addresses of distorted pixels at which the
addresses of undistorted pixels are located are calculated on
the basis of data indicative of the amount of distortion which
are memorized on the data table 105. The data indicative of
the amount of distortion may be memorized in the form of
raw data relative to each zoom position and each focus
position, or may also be memorized in the form of the
coefficient of a function which approximates the amount of
distortional aberration. It is to be noted that the data indica-
tive of the amount of distortion are prepared as values
peculiar to the photographic lens 100.

The scanning lines of an undistorted image are typically
formed as curved lines on a distorted image as shown in FIG.
3. Since the pixels on the undistorted image do not corre-
spond to individual pixels on the distorted image, for
example, a pixel 42a located on the top left in FIG. 4 is
selected from the pixel 42a and pixels 42b, 42¢ and 42d
which surround a corresponding position 42 of undistorted
image data, and the address of the pixel 424 is calculated.

In FIG. 3, reference numeral 31 denotes a digital image
data array, reference numerals 32 and 33 denote the scanning
lines of the undistorted image, and reference numeral 34
denotes the position of image data corresponding to one
pixel. In FIG. 4, reference numeral 41 denotes one scanning
line of the undistorted image, and reference numeral 42
denotes the corresponding position of the undistorted image
data.

[Step S5] A plurality of data (sample image data) for use
in generating undistorted image data are copied to another
memory on the basis of the pixel address calculated in Step
S4. In the example shown in FIG. 4, data indicative of the
pixels 42a, 42b, 42¢ and 42d are copied.

[Step S6] Data indicative of an undistorted image are
generated, as by linear interpolation, from the coordinates of
the respective pixels copied in Step S5 and the coordinates
of newly generated pixels.

[Step S7] The image data generated in Step S6 are
sequentially memorized into the second image memory 104.

[Step S8] It is determined whether all the operations
which are executed in Steps S4 to S7 in the horizontal
scanning direction have ended. If they have not yet ended,
the process proceeds to Step S4. If it is determined that they
have ended, the process proceeds to Step S9.
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[step S9] 1t is determined whether all the operations which
are executed in Steps S4 to S7 in the vertical scanning
direction have ended. If they have not yet ended, the process
proceeds to Step S4. If it is determined that they have ended,
the process proceeds to Step S10.

[Step S10] The image data memorized in the second
image memory 104 is read out, and the process proceeds to
Step S11.

[Step S11] The image data is converted into a video signal
conforming to the NTSC system or the like, and the video
signal is outputted to an electronic viewfinder (not shown)
and to an image recording device (not shown).

In the first embodiment, although an area memory is used
as the second image memory 104, a line memory capable of
storing image data for one horizontal scanning line may be
substituted for the area memory. If the line memory is used,
it is possible to adopt an arrangement in which each time
generation of image data for one horizontal scanning line
has ended, the image data is converted into a video signal,
and which executes control so that this processing operation
is repeated for all the vertical scanning lines. Such an
arrangement is capable of providing a substantial memory
saving.

An algorithm for calculating pixel addresses will be
described below with reference to FIG. 5.

In the following description of the algorithm, it is
assumed that the distortional aberration of the photographic
lens 100 is “0” at the telephoto end and the distortional
aberration becomes more negative toward the wide-angle
end, and that image correction is performed with respect to
the negative distortional aberration. It is also assumed that Z
represents the zoom position of the photographic lens 100
and Zw and Zt (Zw<Zt) represent the zoom positions of the
photographic lens 100 at the wide-angle end and the tele-
photo end, respectively. It is also assumed that Zs represents
the zoom position specified by the photographer through the
zoom switch 106 and Zmin represents a virtual zoom
position at the wide-angle end which is acceptable in terms
of the effect of image correction.

The relationship between Zs and Z is Zs=Z until the
photographic lens 100 mechanically reaches the wide-angle
position.

[Step S51] A comparison is made between the zoom
position Zs which is aimed at by the photographer and the
zoom position Zw which can be taken by the photographic
lens 100 at the wide-angle end. If Zs is not less than Zw, i.e.,
in the case of the relationship of ZsZZw, the process
proceeds to Step S52. In the case of the relationship of
Zs<Zw, the process proceeds to Step S53.

[Step S52] Since the relationship of ZsZZw is
established, distortion correction is performed with the cen-
ter of an image plane selected as a datum. The process
proceeds to the next step.

If it is determined in Step S51 that the relationship of
Zs<Zw is established, it is determined that the zoom position
of the photographic lens 100 has entered the area of the
virtual zoom position, and the process proceeds to Step S53
as described previously.

[Step S53] It is determined whether the zoom position Zs
which is aimed at by the photographer is less than the virtual
zoom position Zmin at the wide-angle end which is accept-
able in terms of the effect of image correction. If the zoom
position Zs is less than the virtual zoom position Zmin, i.e.,
in the case of the relationship of Zs<Zmin, the process
proceeds to Step S54. In the case of the relationship of
Zs=Zmin, the process proceeds to Step S55.



5,905,530

9

[Step S54] Since the zoom position Zs which is aimed at
by the photographer is less than the virtual zoom position
Zmin at the wide-angle end which is acceptable in terms of
the effect of image correction, the value of Zmin is substi-
tuted into Zs, and the process proceeds to Step S55.

[Step S55] Distortion correction is performed with an
arbitrary image height selected as a datum.

A distortional aberration D occurring due to the photo-
graphic lens 100 is approximated by a function, ie., a
quadratic function of the image height, and if a coefficient
“a” of the quadratic function is a linear function of the zoom
position Z of the photographic lens 100, the following
relationships are obtained:

D=D(L)=a*L?
a=a(Z)=b*Z

These relationships are shown in FIGS. 6(a) to 6(c). In
FIGS. 6(a) to 6(c), W, M and T respectively represent
distortional aberrations occurring at the wide-angle end, a
middle angle position, and the telephoto end when photo-
graphic lens 100 is set to the zoom position Z.

An optical distortional aberration (D %) is defined as the
following value:

D % ={(L - Ly)/Lg)}x 100 (¢9)]

={(L/Lo - 1)}x 100

where L, represents an ideal image height and L represents
an actual image height.

In the distortion correction (Step S52) which is performed
with the center of the image plane selected as a datum, if
Po(Xq, Vo) represents the ideal image point of an arbitrary
point P(x, y) on the image plane as shown in FIG. 7, the ratio
of the distance between the ideal image point Py(x,, y,) and
the center of the image plane to the distance between the
arbitrary point P(x, y) and the center of the image plane
becomes an expansion-to-contraction ratio o

a=Ly/L 2)

=(1+D/100)!

From the expression (2), the coordinates of the ideal
image point P, are calculated as follows:

Xg=0UX
©)]

In practice, an inverse form of function for obtaining the
coordinates of an actual image point from the coordinates of
an ideal image point is prepared to determine an actual pixel
address which corresponds to the scanning of a pixel point.

The distortion correction which is performed with an
arbitrary image height selected as a datum (the operation of
Step S55) will be described below with reference to FIGS.
8 and 9.

If an image height used as a datum is Ys, the distortion
correction performed with an arbitrary image height selected
as a datum is defined as distortion correction which is
performed so that the amount of distortion correction is
made “0” along the circumference of a circle of radius Ys
about the center of the image plane. FIG. 8 is an aberration
diagram showing this distortion correction. As shown in
FIG. 8, if the amount of distortional aberration at the image

Yo=ay
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height Ys is represented as D, the image is corrected so that
the amount of distortional aberration occurring at each
image height can be made equal at the position of D,. In
other words, correction is performed in such a manner that,
as shown in FIG. 9, the image-point area outside of the circle
of radius Ys is expanded, whereas the image-point area
inside of the circle of radius Ys is contracted.

If D represents the optical distortional aberration at that
time and D' represents the corrected distortional aberration,
the following relationship is established from FIG. 8:

D'=D-D, 4
If L, represents the distance (image height) on the image
plane of an arbitrary image point P,(x;, y,) from the center
of the image plane and Ps,(xs,, ys,) represents an intersec-
tion point of the circle of radius Ys and a straight line which
connects the center of the image plane and the image point
P,, the coordinates of Ps,(xs;, ys,) are as follows:

x5,=(Ys/Ly)x,
ys1=(Ys/Ly)yy Q)

Since this intersection point forms a datum point for expan-
sion and contraction, an expansion-to-contraction ratio ' is
as follows:

a'=(1+D"/100)* ©)

The coordinates Py, (X, Vo) of an ideal image height are as
follows:

Xop=Xs+0"Axy

Yor=ys+o Ay, @]
where

Ax,=x,-x5,

Ay;=y;-ys; ©)

Although an image point P, is an image point inside of the
circle of radius Ys, an ideal image point P, is obtained in
a similar manner.

If distortion correction is to be performed with the center
of the image plane selected as a datum, “0” is substituted
into Dy so that the expressions (7) become the same as the
expressions (3). Accordingly, whether distortion correction
is performed with the center of the image plane selected as
a datum or with an arbitrary image height selected as a
datum, the amount of correction of distortion aberration can
be obtained through processing utilizing the same function
which uses D, as a parameter.

By selecting an arbitrary image height as a datum for
distortion correction, it is possible to reduce the amount of
correction of the negative distortional aberration.
Accordingly, an image whose distortion is corrected
becomes an image which covers a wider area on an image
pickup plane than an image whose distortion is corrected
with the center of the image plane selected as a datum. This
signifies that a photographic angle of view is apparently
widened toward the wide-angle side.

The distortion correction performed with an arbitrary
image height selected as a datum reaches its maximum limit
when an image pickup area is inscribed in a circle selected
as the datum, as shown in FIG. 10. The zoom position in this
case is a virtual wide-angle end. If the radius of the circle in
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this case is represented as Ymax (maximum datum image
height), an ideal image height Ymax, relative to this image
height Ymax becomes as follows:
Ymax,=(1+Dym/100)"*-Ymax [©)
where Dym represents the amount of distortional aberration
occurring at the image height Ymax (refer to FIG. 11).

The maximum image height in the Y direction which is
based on distortion correction performed with the center
(optical axis) of the image plane selected as a datum is
Ymax, and an angle of view which can be photographed is
expanded by Ymax,/Ymax times by performing the above-
described distortion correction.

From the expression (9), “Ymax,/Ymax” is determined
by the amount of distortional aberration occurring at the
image height Ymax. Accordingly, it will be understood that
the amount of expansion of the photographic angle of view
is determined by the amount of distortional aberration
occurring at the wide-angle end of a photographic lens and
the angle of view expands as the negative value of the
distortional aberration becomes larger.

A design example of a lens which produces, at its wide-
angle end, a large negative distortional aberration suitable
for the above-described image correction will be described
below.

FIG. 12 is a cross sectional view of the lens, and FIGS.
13(a)-13(c) and 14(a)-14(c) are aberration diagrams
respectively showing aberrations which occur at the wide-
angle end and the telephoto end of the lens.

FIGS. 15(a) to 15(c) show a numerical example.

In the numerical example, “ri” represents the radius of
curvature of the i-th lens surface as viewed from an object
side, “di” represents the i-th lens thickness or air separation
as viewed from the object side, and “ni” and “vi” respec-
tively represent the refractive index and the Abbe number of
the glass of the i-th lens element as viewed from the object
side.

In the numerical example, r20 and r21 represent a glass
block such as a face plate. If the z axis is taken in the
direction of the optical axis; the H axis is taken in the
direction perpendicular to the optical axis; the direction of
propagation of light is positive; R represents the radius of the
osculating sphere; and B, C, D and E represent aspheric
coefficients, respectively, the shape of the aspheric surface is
represented as the following expression:

X = (1/R)H2/[1 /{1 —(H/R)Z}]+BH" +CH® + DH® + EH"

In this numerical example, an optical angle of view wy, is
a total of approximately 74°. In the case of an image sensor
having an image size of 4:3, the above-described maximum
datum image height Ymax is represented as:

Ymax=maximum image heightx0.6

Since the amount of distortional aberration Dym at this time
is =9.3%, the following relationship is obtained:
Ymaxy [ Ymax = (1 + Dym/ 100y~

=1.10

Thus, the photographic angle of view becomes 10% wider,
and the maximum angle of view is approximately 81° in
total.
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FIGS. 16(a) to 16(e) diagrammatically show the manner
of distortion correction performed according to the first
embodiment.

Although the above description of the first embodiment
has referred to the image pickup apparatus using a single
image sensor, the present invention is also applicable to an
image pickup apparatus arranged to separate incident light
into R, G and B components and pick up R, G and B images
as shown in FIG. 17.

In such an arrangement, since different image distortions
occur in the respective color components, data indicative of
the amounts of distortion corresponding to the respective
color components are prepared, and image processing for
distortion correction is performed for each of the color
components. By converting the result of the image process-
ing into a video signal, not only the distortion of the image
plane but also lateral chromatic aberration is corrected so
that a far higher-quality image can be picked up.

A second embodiment of the present invention will be
described below.

Although the arrangement of the second embodiment is
substantially identical to that of the first embodiment, the
second embodiment adopts a image processing method
different from that of the first embodiment.

The first embodiment adopts an algorithm according to
which an angle of view is first widened by using a photo-
graphic lens and, after the photographic lens has reached its
wide-angle end, the angle of view is widened to a further
extent by using image processing. In contrast, the second
embodiment adopts an algorithm according to which if a
negative distortional aberration occurs in the photographic
lens, not only distortion correction but also widening of the
angle of view is performed. FIGS. 18(a) to 18(c) diagram-
matically show the manner of the distortion correction.

For example, if an arbitrary image height which is
selected as a datum for distortion correction is fixed to the
maximum datum image height Ymax and correction is
sequentially performed, to whichever zoom position the
photographic lens is set, the image pickup area can be
utilized to the maximum extent.

The adoption of this method makes it possible to prevent
the amount of distortion correction from varying to
extremes. In the case of the above-described image
processing, during zooming, as the angle of view of the
photographic lens approaches the wide-angle end, the rate at
which the angle of view widens increases. In this case, it is
desirable that as the angle of view of the photographic lens
approaches the wide-angle end, the speed of zooming of the
photographic lens be decreased so that it is possible to
achieve zooming which is felt smooth by the photographer.

A third embodiment of the present invention will be
described below.

The third embodiment relates to an example which is
arranged to perform distortion correction of a photographic
lens which produces a positive distortional aberration on its
telephoto side. The arrangement of the apparatus is substan-
tially identical to that of the first embodiment.

FIG. 19 is a flowchart showing an algorithm for calcu-
lating addresses according to the third embodiment. It is
assumed that Z, represents the zoom position at which the
distortional aberration of the photographic lens is “0”.

[step S100] It is determined whether the zoom position of
the photographic lens is closer to the wide-angle end or the
telephoto end with respect to Z,. If the zoom position of the
photographic lens is closer to the wide-angle end, i.e., in the
case of the relationship of Zs=Z,, the process proceeds to
Step S102. If the zoom position of the photographic lens is
closer to the telephoto end (Zs>Z,), the process proceeds to
Step S101.
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[Step S101] Distortion correction is performed with the
four corners of the image plane selected as a datum (as will
be described later in more detail).

[Step S102] A comparison is made between the zoom
position Zs which is aimed at by the photographer and the
zoom position Zw which can be taken by the photographic
lens 100 at the wide-angle end. If Zs is not less than Zw, i.e.,
in the case of the relationship of Zs=Zw, the process
proceeds to Step S103. In the case of the relationship of
Zs<Zw, the process proceeds to Step S104.

[Step S103] Since the relationship of Zs=ZZw is
established, distortion correction is performed with the cen-
ter of the image plane selected as a datum, in a manner
similar to that executed in Step S52 described previously in
connection with the first embodiment. The process proceeds
to the next step.

If it is determined in Step S102 that the relationship of
Zs<Zw is established, it is determined that the zoom position
of the photographic lens 100 has entered the area of the
virtual zoom position, and the process proceeds to Step S104
as described previously.

[Step S104] 1t is determined whether the zoom position Zs
which is aimed at by the photographer is less than the virtual
zoom position Zmin at the wide-angle end which is accept-
able in terms of the effect of image correction. If the zoom
position Zs is less than the virtual zoom position Zmin, i.e.,
in the case of the relationship of Zs<zmin, the process
proceeds to Step S105. In the case of the the relationship of
Zs=Zmin, the process proceeds to Step S106.

[step S105] Since the zoom position Zs which is aimed at
by the photographer is less than the virtual zoom position
Zmin at the wide-angle end which is acceptable in terms of
the effect of image correction, the operation of substituting
the value of Zmin into Zs is performed.

[Step S106] Distortion correction is performed with an
arbitrary image height selected as a datum, in a manner
similar to that executed in step S55 described previously in
connection with the first embodiment.

The “distortion correction with the four corners of the
image plane selected as a datum”, which is executed in Step
S101, will be described below with reference to FIG. 20.

If distortion correction with the center of an image plane
selected as a datum is performed when a positive distortional
aberration occurs, image data in the peripheral portion of the
image plane is lost so that an imperfect image occurs, as
described previously in the description of the related art. To
prevent the occurrence of the imperfect image, the circle
referred to in the first embodiment, which is used as a datum
for distortion correction, is replaced with a circle which
circumscribes a photographic area, and if the coordinates of
the ideal image point Py(x,, y,) are represented as follows:

Xo=(1+D/100)*+(x—x5)+xs

vo=(1+D/100)™"(y-ys)+ys (10)

the coordinates can be calculated through the expressions
used in the first embodiment. In this case, since the sign of
the distortional aberration is reversed, the image inside of
the circle is expanded in a manner reverse to that described
previously in connection with the first embodiment.
Electronic zoom is known as a method for enlarging an
image beyond the zoom range of a photographic lens when
the zoom position of the photographic lens is set to its
telephoto side. The electronic zoom can be effectively
combined with a method of correcting telephoto-side dis-
tortion according to the present invention. FIG. 21 shows the
manner of this combination method. First, the above-
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described distortion correction with four corners selected as
a datum is performed, and the resultant image data is
partially trimmed and absent image data is prepared by
linear interpolation processing, so that it is possible to obtain
an image which is virtually zoomed up.

According to another method, if Zr represents a virtual
zoom-up ratio, it is possible to simultaneously perform
calculations on distortion correction and electronic zoom-up
by replacing (x,, ¥,) in the above-described expressions (10)
with (xo/Zr, yo/Zr) and determining “x” and “y”. FIG. 22
shows the manner of the distortion correction and the
electronic zoom-up performed by this method.

A fourth embodiment of the present invention will be
described below.

FIG. 23 is a block diagram showing the arrangement of an
apparatus according to the fourth embodiment of the present
invention, and shows a video system arranged to perform the
above-described distortion correction during reproduction of
an image.

The arrangement shown in FIG. 23 includes a photo-
graphic lens 601 which is formed as a lens assembly capable
of zooming, an image sensor 602 such as a CCD, a video
signal processing circuit 603 for converting an image pickup
signal into a video signal, a shooting state detecting circuit
604 for detecting the shooting state of the photographic lens
601 from the position of a variator lens or the position of a
focusing lens, and a data table 605 on which data about
distortional aberrations according to the shooting state of the
photographic lens 601 are recorded.

A recording controlling circuit 606 is provided for simul-
taneously recording, on a recording medium such as a video
tape, a video signal and an audio signal as well as an
information signal for use in performing distortion correc-
tion of a recorded video image frame with an arbitrary image
height selected as a datum, which information signal is
obtained from information about a shooting state supplied
from the shooting state detecting circuit 604, information
about a zoom position which is aimed at by the
photographer, which information is inputted from a zoom
switch 611, and information about distortional aberration
memorized on the data table 605.

The shown arrangement also includes a reproducing
device 607 for reproducing from the recording medium the
video signal, the audio signal and the information signal for
use in performing distortion correction of a video image
frame with an arbitrary image height selected as a datum, an
image processing circuit 608 for correcting the distortion of
an image, a first image memory 609 for memorizing the
image data obtained from the reproducing device 607, and
a second image memory 610 for memorizing image data
indicative of the image whose distortion is corrected.

The recording controlling circuit 606 takes out informa-
tion about distortional aberration from the data table 605 in
the form of a coefficient (distortion coefficient) obtained
from approximation using a function, on the basis of the
information about the shooting state supplied from the
shooting state detecting circuit 604, and makes a comparison
between the information about the zoom position supplied
from the shooting state detecting circuit 604 and the infor-
mation about the zoom position which is aimed at by the
photographer, supplied from the zoom switch 611. Thus, the
recording controlling circuit 606 obtains an image height
which is used as a datum in distortion correction (datum
image height), and records a distortion coefficient and a
datum image height.

The reproducing device 607 reads out the distortion
coefficient and the datum image height, and sends them to
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the image processing circuit 608 together with a video
signal. In the image processing circuit 608, an undistorted
image is formed according to the sequence of the above-
described distortion correction.

The recording medium may also be a magnetic disk or an
optical disk. A subject to be recorded is not limited to a
moving image, and a still image such as a still video image
can also be recorded.

Asimilar system can also be constructed as shown in FIG.
24. According to the system shown in FIG. 24, in a silver-
halide camera, data is recorded on a film on which an image
is recorded, by optical or magnetic means. The image
recorded on the film is converted into a digital signal by a
scanner or the like and the recorded data is read out from the
film at the same time or by a separate readout device. A
video output may be converted into a video signal conform-
ing to the NTSC or HDTV system so that it can be displayed
on a display device, or may be outputted as an image copy
from a color printer.

Incidentally, in FIG. 24, reference numeral 701 denotes a
photographic lens, reference numeral 702 denotes a film and
reference numeral 703 denotes an electronic conversion
device. In FIG. 24, the other reference numerals which are
identical to those shown in FIG. 23 denote circuits having
functions identical to those of the corresponding circuits
shown in FIG. 23.

According to the arrangement shown in FIG. 24, the
information about the shooting state is recorded on the
recording medium, and the information about the distor-
tional aberration is recorded on the data table 605 of the
reproducing device. However, similarly to FIG. 23, the data
table on which the information about the distortional aber-
ration is recorded may be provided in a photographic
apparatus or in a lens barrel which is separable from the
photographic apparatus.

The information about the shooting state of the
distortional-aberration information may be recorded not on
the recording medium (film) but in another memory device
of the photographic apparatus.

According to the first to fourth embodiments, since an
image is corrected with an arbitrary image height from the
center (optical axis) of an image plane selected as a datum,
an image obtained from a photographic lens can be effec-
tively used to photograph an image of quality which exceeds
the specifications of a photographic lens.

As is apparent from the above description, according to
the first to fourth embodiments, one preferred form of
arrangement is provided with distortional-aberration memo-
rizing means for memorizing distortional-aberration infor-
mation about a photographic lens, state-of-photographic-
lens detecting means for detecting a state of the
photographic lens, distortional-aberration detecting means
for detecting distortional-aberration information about dis-
tortional aberration occurring during photography, on the
basis of information supplied from the state-of-
photographic-lens detecting means, and image correcting
means for correcting a distortion of an image due to the
photographic lens with an arbitrary image height in a
photographed image selected as a datum.

Another preferred form of arrangement includes an image
pickup apparatus which is provided with distortional-
aberration memorizing means for memorizing distortional-
aberration information about a photographic lens; state-of-
photographic-lens detecting means for detecting a state of
the photographic lens; distortional-aberration detecting
means for detecting distortional-aberration information
about distortional aberration occurring during photography,
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on the basis of information supplied from the state-of-
photographic-lens detecting means; and distortional-
aberration recording means for recording the distortional-
aberration information supplied from the distortional-
aberration detecting means on a recording medium, and an
image reproducing apparatus which is provided with
distortional-aberration readout means for reading out the
distortional-aberration information recorded on the record-
ing medium and image correcting means for correcting a
distortion of an image due to the photographic lens with an
arbitrary image height in a photographed image selected as
a datum.

Yet another preferred form of arrangement includes an
image pickup apparatus which is provided with state-of-
photographic-lens detecting means for detecting a state of a
photographic lens; and state-of-photographic-lens informa-
tion recording means for recording state-of-photographic-
lens information supplied from the state-of-photographic-
lens detecting means on a recording medium, and an image
reproducing apparatus which is provided with state-of-
photographic-lens readout means for reading out the state-
of-photographic-lens information recorded on the recording
medium; distortional-aberration memorizing means for
memorizing distortional-aberration information about the
photographic lens; distortional-aberration detecting means
for detecting distortional-aberration information about dis-
tortional aberration occurring during photography, on the
basis of the state-of-photographic-lens information supplied
from the state-of-photographic-lens readout means; and
image correcting means for correcting a distortion of an
image due to the photographic lens with an arbitrary image
height in a photographed image selected as a datum, on the
basis of the distortional-aberration information supplied
from the distortional-aberration detecting means.

According to any of the aforesaid preferred forms, the
amount of distortion of an image is corrected on the basis of
the distortional-aberration information about the photo-
graphic lens with an arbitrary image height from the center
(optical axis) of the image plane of the photographic lens
selected as a datum.

Accordingly, the image obtained from the photographic
lens can be effectively used to provide an image of quality
which exceeds the specifications of the photographic lens.

An embodiment of a control device will be described
below which electronically corrects the distortion of an
image not over the entire zoom range but in a particular
zoom range in which an outstanding distortional aberration
occurs, so that zoom speeds can be prevented from being
substantially influenced.

FIGS. 27(a)-1, 27(a)-2, and 27(a)-3, and FIGS. 27(b)-1,
27(b)-2, and 27(b)-3 are views respectively showing the
optical performance of a photographic zoom lens according
to a fifth embodiment of the present invention and that of a
general photographic zoom lens.

FIGS. 27(b)-1, 27(b)-2, and 27(b)-3, show the distortional
aberration of the general zoom lens. As shown, when the
zoom lens is set to a wide-angle position, a large distortional
aberration occurs on the negative side, whereas when the
zoom lens is set to a telephoto position, a distortional
aberration occurs on the positive side.

If a zoom lens is to be designed so that requirements such
as reduced size, reduced weight and compactness can be
satisfied, it is extremely difficult to reduce distortional
aberrations at the wide-angle end and the telephoto end of
the zoom lens. For this reason, the zoom lens is generally
designed in such a way that its distortional aberration is
distributed so that the amount of distortional aberration at



5,905,530

17

the wide-angle end and the amount of distortional aberration
at the telephoto end become approximately equal to each
other. As a result, the absolute amount of the distortional
aberration of the zoom lens is not reduced. However, as can
be seen from FIG. 27(b)-1, 27(b)-2 and 27(b)-3, although the
distortional aberration is large in the neighborhood of the
wide-angle end and the telephoto end, the distortional aber-
ration occurring in a middle angle position varies substan-
tially monotonously and is small compared to the distor-
tional aberration occurring at either of the wide-angle end
and the telephoto end.

For this reason, according to the fifth embodiment, optical
design is adopted which is capable of concentrating the
distortional aberration on a particular photographing posi-
tion as shown in FIG. 27(a)-1, 27(a)-2, and 27(a)-3. More
specifically, the design is such that, as described above, the
amount of distortional aberration at the wide-angle end and
the amount of distortional aberration at the telephoto end are
made approximately equal to each other and the distortional
aberration at middle focal lengths varies monotonously.

During a photographic operation, the photographing posi-
tion of a photographic zoom lens which is being operated is
detected. If it is determined that the photographing position
is close to a photographing position in which a large
distortional aberration occurs, which photographing position
is memorized in a memory part, a geometrical deformation
of an image which has occurred due to the photographic
zoom lens is interpolated on the basis of image data read out
from a solid-state image sensor in accordance with the
geometrical deformation. Thus, the distortional aberration is
corrected so that an image free of distortional aberration can
be obtained.

In other words, according to the fifth embodiment, a
photographing position in which correction is to be per-
formed of distortional aberration is specified in advance, and
the optical design of a zoom lens is determined while taking
account of the specified photographing position. During a
photographic operation, a detection is made as to the pho-
tographing position of the zoom lens which is currently
being operated, and only if correction of the distortional
aberration of the zoom lens is needed (in the fifth
embodiment, correction is performed of a distortional aber-
ration occurring only in the neighborhood of the wide-angle
end and the telephoto end), pixel data for a plurality of lines
are used to calculate the pixel signals of each scanning line
affected by the geometrical deformation, thereby correcting
the distortional aberration due to the photographic zoom
lens. Accordingly, it is possible to achieve high image
quality by using a comparatively inexpensive lens.

FIG. 28 is a block diagram schematically showing the
arrangement of a solid-state image pickup camera provided
with a photographic zoom lens having the above-described
optical performance.

The arrangement shown in FIG. 28 includes a CCD 10
which is a solid-state image sensor, and the CCD 10 is made
up of a photoelectric conversion part 1, a storage part 3 and
a shift register 5. Reference numeral 2 denotes an example
of an image pattern formed on the photoelectric conversion
part 1, and reference numeral 4 denotes a charge pattern.

The shown arrangement also includes a switch 17 for
selectively transmitting a signal supplied from the CCD 10,
in accordance with a command from a CPU 16, an amplifier
6, a sample-and-hold (S/H) circuit 7, an analog/digital (A/D)
converter 8, and a line memory 9 having a memory capacity
capable of memorizing an output for several lines from the
CCD 10.

An address memory circuit 11 contains two kinds of
address information for use in executing readout from the
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line memory 9, and either of the two kinds is memorized for
correction of distortional aberration at the wide-angle end,
while the other kind is memorized for correction of distor-
tional aberration at the telephoto end. The address memory
circuit 11 has the function of causing the line memory 9 to
send out data (information indicative of the amount of
correction of distortional aberration) (by outputting address
information to the line memory 9). The CPU 16 controls the
operation of the present system, and applies to the switch 17
(SW1) ON-OFF information indicating whether a
distortional-aberration correcting operation is to be
performed, on the basis of focal length information indica-
tive of the current focal length of a photographic zoom lens.
If the distortional-aberration correcting operation is to be
performed, the CPU 16 selects information indicative of the
amount of correction of distortional aberration at the wide-
angle or telephoto end via the address memory circuit 11,
and causes the line memory 9 to send out the corresponding
data.

The shown arrangement also includes an interpolation
circuit 12, a video signal processing circuit 13 and a syn-
chronizing signal adding circuit 14. Reference numeral 15
denotes a video signal outputted from the video signal
processing circuit 13.

Although the operation of each of the above-described
circuits is controlled by a timing controlling circuit, an
illustration of the timing controlling circuit, control signals
and the like is omitted for the sake of simplicity.

FIG. 29 is a mechanism diagram showing the photo-
graphic zoom lens and a focal length detecting part of the
above-described solid-state image pickup camera.

The photographic zoom lens shown in FIG. 29 includes a
first lens group (focusing lens) 71 for focus adjustment, a
second lens group (variator lens) 72 having a zooming
function, a third lens group (compensator lens) 73 for
correcting a focus position, and a fourth lens group 74
having an image forming function.

The focal length detecting part shown in FIG. 29 includes
a position detector 75 for detecting the position of the
variator lens 72 having the zooming function, and a focal
length detecting circuit 76 for calculating a focal length from
the position information supplied from the position detector
75 (position information about the variator lens 72) and
sending out the resultant focal length information to the
CPU 16.

FIG. 30 is a flowchart showing the operation of the
solid-state image pickup camera according to the fifth
embodiment of the present invention. The operation of the
solid-state image pickup camera will be described below
with reference to the flowchart.

[step S91] A photographic operation is started.

[Step S92] Focal length information is detected via the
focal length detecting circuit 76, and the current focal length
information is obtained.

[Step S93] It is determined whether the focal length
information corresponds to a focal length which lies within
a predetermined distortional-aberration correction range in
the neighborhood of the wide-angle end or the telephoto end.
If the focal length information corresponds to the focal
length which lies within the predetermined distortional-
aberration correction range, the process proceeds to Step
S94. Otherwise, the process proceeds to Step S95.

[Step S94] Since the current focal length information
about the photographic zoom lens (to be exact, the variator
lens 72) corresponds to the focal length which lies within the
predetermined distortional-aberration correction range, a
variable SW1 is turned on. Thus, the switch Sw1 is turned
on and a signal from the CCD 10 is coupled to the amplifier
6.
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[Step S95] Since the current focal length information
about the photographic zoom lens corresponds to a focal
length which lies outside the predetermined distortional-
aberration correction range, the variable SW1 is turned off.
Thus, the switch SW1 is turned off and a signal from the
CCD 10 is directly coupled to the video signal processing
circuit 13.

[step S96] It is determined whether the variable SW1 is on
or off. If it is on, the process proceeds to Step S97, whereas
if it is off, the process proceeds to Step S98.

[Step S97] A distortional-aberration correcting circuit
which is made up of the amplifier 6, the circuit 7, the A/D
converter 8, the line memory 9 and the interpolation circuit
12 is activated to perform distortional-aberration correction
on the basis of the signal from the CCD 10 and address
information from the address memory circuit 11. (The
operation of each of these circuits will be described later in
detail.) Then, the process proceeds to Step S98.

[Step S98] The video signal processing circuit 13 is
operated to generate a video signal on the basis of the signal
from the aforementioned distortional-aberration correcting
circuit or the CCD 10, and outputs the video signal.

[Step S99] It is determined whether an operation of a
zooming mechanism has been performed. If the operation of
the zooming mechanism has been performed, there is a
possibility that the zooming mechanism may have been
operated during the above-described computations and the
focal length may have been varied from that obtained in Step
S92. Accordingly, the process returns to Step S92 in which
focal length information is newly detected, and the opera-
tions subsequent to Step S92 are performed. On the other
hand, if the operation of the zooming mechanism has not
been performed, it is determined that the focal length has not
varied, and the process returns to Step S96 and the opera-
tions subsequent to Step S96 is performed.

FIG. 31 is a schematic diagram which serves to explain
the operation of the photographic zoom lens.

In FIG. 31, reference numeral 21 denotes an object plane,
and reference numeral 22 denotes an object. Reference
numeral 23 denotes the photographic zoom lens made up of
the aforementioned lens groups shown in FIG. 29. Reference
numeral 24 denotes an image surface, and reference numeral
25 denotes an image.

An image of the object 22 in the object plane 21 is formed
as the image 25 on the image surface 24 by the photographic
zoom lens 23. The CCD 10 which is the solid-state image
sensor is disposed on the image surface 24 for performing
photoelectric conversion of the image 25. The photographic
zoom lens 23 has a distortional aberration which is set to a
value larger than a normal allowable value. Accordingly, the
image 25 is distorted compared to the object 22 as shown in
FIG. 31.

However, in lens design, it is well known that if the
allowable value of a particular aberration is made greater
than those of the other aberrations, it is possible to facilitate
correction of the other aberrations. Accordingly, it is pos-
sible to achieve various advantages such as a reduction in the
size of the photographic zoom lens 23, a reduction in the
number of lens elements to be incorporated therein, and
utilization of an inexpensive glass material.

Referring again to FIG. 28, the image pattern 2 corre-
sponding to the image 25 formed by the photographic zoom
lens 23 is produced on the photoelectric conversion part 1 of
the CCD 10. The CCD 10 used in the fifth embodiment is of
a frame transfer type. More specifically, the image pattern 2
obtained by photoelectric conversion in the photoelectric
conversion part 1 is transferred to the storage part 3 as the
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charge pattern 4, and the charge pattern 4 is read out by the
shift register 5 on line-by-line basis.

FIG. 32 is a schematic diagram showing the relationship
between the image and the CCD.

In FIG. 32, reference numeral 31 denotes each pixel of the
CCD 10, and reference numerals 32, 32, and 32, denote
first, second and third scanning lines, respectively.

The first to third scanning lines 32, 32, and 32, represent
the first three scanning lines. Although they should origi-
nally constitute straight lines, they are formed as curved
lines by the influence of distortional aberration. In other
words, the shape of each of these curved lines corresponds
to the shape of a curved line which occurs due to distortional
aberration when an image of a horizontal straight line which
extends in the object plane 21 of the photographic zoom lens
23 is formed on the image surface 24.

The charge pattern 4 is sequentially read out on line-by-
line basis and on pixel-by-pixel basis for each line. Regard-
ing the manner of reading out the pixels 31, the rightmost
pixel on the lowermost line (as viewed in FIG. 32) is first
read out, and the left-hand adjacent pixel is then read out.
Thus, the pixels for one line are sequentially read out. Then,
the pixel signals on the second lowermost line are sequen-
tially read out from the rightmost pixel. A similar readout
operation is performed on the third lowermost line et seqq.

Referring to FIG. 28, the pixel signals read out from the
shift register 5 of the CCD 10 are, as described above,
directly sent to the video signal processing circuit 13 if the
switch SW1 is off.

If the switch SW1 is on, the switch SW1 outputs the pixel
signals to the distortional-aberration correcting circuit. That
is to say, the pixel signals are amplified by the amplifier 6,
and the amplified pixel signals are held in the S/H circuit 7.
The output from the S/H circuit 7 is digitized by the A/D
converter 8, and the digital output from the A/D converter 8
is supplied to and memorized in the line memory 9. The
pixel signals for a plurality of lines of the CCD 10 are stored
in the line memory 9 before a readout operation is started.
This storing operation is carried out to read out pixel signals
along a curved scanning line because the curved scanning
line extends across a plurality of pixel lines.

The CCD 10 sends the kind of data required for
distortional-aberration correction to the address memory
circuit 11 on the basis of focal length information about the
photographic zoom lens 23, and the address memory circuit
11 reads out shape data about a scanning line and generates
address information for use in reading out the pixel signals
memorized in the line memory 9. The shape data about the
scanning line may be obtained by directly sampling the
scanning line, or may be obtained as a coefficient by
performing appropriate approximation using a function. The
shape data about the scanning line which corresponds to the
state of the photographic zoom lens 23 is obtained during the
process of designing the photographic zoom lens 23 or by
optical measurement performed after a trial production.

Since the positions of pixels at the CCD 10 generally do
not coincide with those of pixels on such curved scanning
lines, the positions of the pixels on the curved scanning line
need to be subjected to interpolation processing.
Accordingly, data for a plurality of pixels are read out from
the line memory 9 and supplied to the interpolation circuit
12, in which the value of one pixel on the scanning line is
calculated.

The memory capacity of the line memory 9 is determined
in the following manner.

FIG. 33 is a view showing the relationship between the
pixels of the line memory 9 and the scanning line.
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In FIG. 33, each pixel is denoted by reference numeral 41.
The pixels 41 correspond to the pixels of the CCD 10 in
one-to-one relation. Reference numeral 42 denotes the most
curved scanning line, i.e., a scanning line which extends
across a greater number of pixel lines of the line memory 9
than any other scanning line. Reference numeral 43 denotes
a scanning line next to the most curved scanning line 42.
Reference numeral 44 denotes each pixel of the most curved
scanning line 42, and reference numeral 45 denotes each
pixel of the scanning line 43 next to the scanning line 42. In
the shown example, it is necessary to calculate the values of
pixel data at the position of each pixel 44 represented as a
black dot on the most curved scanning line 42 and at the
position of each pixel 45 represented as a black dot on the
next scanning line 45.

The size of the line memory 9 is indicated at 46. The size
46 of the line memory 9 is selected as a memory capacity
capable of memorizing data indicative of the pixels 31 of the
CCD 10 which can be used to calculate the values of all the
pixels 44 of the most curved scanning line 42. In other
words, the size 46 of the line memory 9 corresponds to the
number of lines obtained by adding, if necessary, the number
of adjacent lines required for interpolation processing to the
number of the pixels 31 of the CCD 10 across which the
most curved scanning line 42 extends. Of course, the size 46
of the line memory 9 may be greater than the aforesaid
number of lines.

If the line memory 9 has a memory capacity for the size
46, the values of all the pixels 44 on the most curved
scanning line 42 can be calculated from the pixels 41 of the
line memory 9.

When the values of the pixels 45 on the next scanning
lines 43 are to be calculated, the pixel data on the lowermost
line in the line memory 9 are discarded and the next line
which has not yet memorized in the line memory 9, for
example, pixel data on the uppermost line in FIG. 32, are
read from the CCD 10. Since the size 46 of the line memory
9 is selected so that the line memory 9 can memorize a
sufficient amount of pixel data 41 to calculate the values of
all the pixels on any scanning line, the values of all the pixels
45 on the next scanning line 43 are also calculated.
Similarly, the values of all the pixels on the other scanning
lines are calculated.

If the shape of a scanning line differs from the above-
described one, it may not be necessary to read out new pixel
data before calculating the values of the pixels, or it may be
necessary to read out pixel data for two or more lines. A
timing controlling circuit (not shown) adjusts the manner of
reading out pixel data in response to a signal from the
address memory circuit 11. If the final output signal of the
solid-state image pickup camera is a video signal, it is
necessary to output pixel data for each line on line-by-line
basis at intervals of a predetermined time period.
Accordingly, as the case may be, it is also preferable to adopt
an arrangement in which the line memory 9 is provided with
a buffer memory for timing adjustment.

The interpolation processing performed by the interpola-
tion circuit 12 will be described below with reference to
FIG. 34.

In FIG. 34, reference numeral 52, denotes a scanning line,
and reference numerals 52, and 535 denote pixels of the
scanning line 52,. Reference numerals 53, 53,, . . ., 535
denote pixels of the line memory 9.

To calculate the values of the pixels of the scanning line
51, since the positions of the pixels 52, and 52, differ from
those of the pixels 53, to 53 of the line memory 9, it is
necessary to calculate the values of the pixels 52, and 52, as
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interpolated values. The simplest method is to select pixels
closest to the respective pixels 52, and 52, from the pixels
53, to 53, of the line memory 9 and obtain the values of the
closest pixels as the values of the pixels 52; and 52,.
Specifically, the values of the pixels 52; and 52, of the
scanning line 51 are respectively obtained as the values of
the pixels 53, and 53, of the line memory 9. It is also
preferable to adopt an arrangement in which, in the above-
described processing, the address memory circuit 11 is made
to determine appropriate addresses so that the interpolation
processing is performed during a readout from the line
memory 9. With such an arrangement, the special interpo-
lation circuit 12 can be omitted.

Another approximation method is to calculate interpo-
lated values from adjacent four pixels in the line memory 9
by linear approximation. Specifically, the values of the
pixels 52, and 52, of the scanning line 51 are respectively
calculated by sending the four pixels 53,, 53,, 53,,, 535 and
the four pixels 53,, 535, 535, 53, to the interpolation circuit
12 and performing linear approximation using the corre-
sponding four pixels.

Still another approximation method is a “cubic convolu-
tion method”. The cubic convolution method is a method of
performing interpolation on the basis of the value of neigh-
boring pixels by using a cubic spline curve. In this method,
sixteen neighboring pixels are needed for calculation of one
pixel.

Referring again to FIG. 28, the output signal from the
interpolation circuit 12 is sent to the video signal processing
circuit 13, in which the signal is converted into a signal of
predetermined format, such as an NTSC television signal or
a high-definition television signal. A synchronizing signal is
supplied from the synchronizing signal adding circuit 14 to
the video signal processing circuit 13, whereby a final video
signal is formed. The video signal 15 outputted from the
video signal processing circuit 13 is displayed on a monitor,
supplied to the succeeding processing circuit, and so on,
according to the entire system arrangement.

Distortional-aberration correcting processing will be
described below with reference to FIG. 35.

In FIG. 35, an object is indicated by reference numeral 61,
and an image of the object 61 is indicated by reference
numeral 62. The image 62 is obtained through the photo-
graphic zoom lens 23, and a charge pattern on the CCD 10
also has the same shape as the image 62. Reference numeral
63 denotes an image formed by an output video signal.

In FIG. 35, the three patterns 61, 62 and 63 are exagger-
atedly depicted in such a manner that the relationship in size
between the three patterns 61, 62 and 63 differs from the
relationship between the actual scales of them.

The image 62 is distorted with respect to the object 61 by
the distortional aberration of the photographic zoom lens 23.
However, since distortional-aberration correction is electri-
cally performed as described previously, the image 63
formed by the output video signal 15 is obtained as an image
similar to the object 61 as shown in FIG. 35.

FIGS. 36(a)-36(c) are views showing one example of the
optical performance of a photographic zoom lens used in a
sixth embodiment of the present invention.

As shown in FIGS. 36(a)-36(c), the photographic zoom
lens used in the sixth embodiment has a distortional aber-
ration the amount of which is extremely large at its wide-
angle end and approximately equivalent at the telephoto end
and the middle angle position. The distortional aberration
monotonously varies over the focal lengths between the
middle angle position and the telephoto end. For this reason,
in the sixth embodiment, correction is performed of a
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distortional aberration occurring in the neighborhood of the
wide-angle end.

FIGS. 37(a)-37(c) are views showing one example of a
variation in distortional aberration depending on shooting
distance in the neighborhood of the wide-angle end. FIGS.
37(a)-37(c) show from the left-hand side distortional aber-
rations occurring in photography at infinity, at an object
distance of 3 m, and at the shortest shooting distance (1.2 m).

It is understood from FIGS. 37(a)-37(c) that even if the
same focal length is selected, the distortional aberration
greatly varies depending on the shooting distance. For this
reason, in the sixth embodiment, as will be described below,
not only focal length information but also shooting distance
information is used as discrimination information for
distortional-aberration correction.

FIG. 38 is a block diagram schematically showing the
focal length detecting part and the shooting distance detect-
ing part of a solid-state image pickup camera according to
the sixth embodiment of the present invention. Since the
arrangement of the other constituent elements is similar to
that shown in FIG. 28, an illustration thereof is omitted.

The photographic zoom lens shown in FIG. 38 includes a
first lens group (focusing lens) 111 having a focus-position
adjusting function, a second lens group (variator lens) 112
having a zooming function, a third lens group (compensator
lens) 113 having a focus-position correcting function, and a
fourth lens group 114 having an image forming function.

The arrangement shown in FIG. 29 also includes a detec-
tor 115 for detecting the position of the variator lens 112, and
a focal length detecting circuit 116 for calculating a focal
length from the position of the variator lens 112 and sending
out the resultant focal length information to the CPU 16, a
detector 117 for detecting the position of the focusing lens
111, and a shooting distance detecting circuit 118 for cal-
culating a shooting distance from the position of the focus-
ing lens 111 and sending out the resultant shooting distance
information to the CPU 16.

FIG. 39 is a flowchart showing the operation of the
above-described solid-state image pickup camera. The
operation thereof will be described below with reference to
the flowchart.

[Step S111] A photographic operation is started.

[Step S112] Detection of a focal length is performed by
the focal length detecting circuit 116, and the current focal
length information is obtained.

[Step S113] It is determined whether the focal length
information corresponds to a focal length which lies within
a predetermined distortional-aberration correction range in
the neighborhood of the wide-angle end. If the focal length
information corresponds to the focal length which lies
within the predetermined distortional-aberration correction
range, the process proceeds to Step S114. Otherwise, the
process proceeds to Step S115.

[Step S114] Since the current focal length information
about the photographic zoom lens (to be exact, the variator
lens 112) corresponds to the focal length which lies within
the predetermined distortional-aberration correction range, a
variable SW2 is turned on. Thus, the switch SW2 is turned
on and a signal from the CCD 10 is coupled to the amplifier
6. Then, the process proceeds to Step S116.

[Step S115] Since the current focal length information
about the photographic zoom lens corresponds to a focal
length which lies outside the predetermined distortional-
aberration correction range, the variable SW2 is turned off.
Thus, the switch SW2 is turned off and a signal from the
CCD 10 is directly coupled to the video signal processing
circuit 13. Then, the process proceeds to Step S117.
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[Step S116] The current shooting distance information is
detected by the shooting distance detecting circuit 118, and
it is determined to which of a predetermined shooting
distance zone the shooting distance corresponds. The result
of this decision is memorized as a variable SW3. Then, the
process proceeds to Step S117.

In Step S116, a decision result indicative of short distance
is memorized as the variable SW3=1, a decision result
indicative of medium distance is memorized as the variable
Sw3=2, and a decision result indicative of long distance is
memorized as the variable SW3=3.

[Step S117] It is determined whether the variable SW2 is
on or off. If it is on, the process proceeds to Step S118,
whereas if it is off, the process proceeds to Step S119.

[Step S118] The distortional-aberration correcting circuit
which is made up of the amplifier 6, the circuit 7, the A/D
converter 8, the line memory 9 and the interpolation circuit
12 is activated to perform distortional-aberration correction
on the basis of the signal from the CCD 10 and address
information selected on the basis of the shooting distance
data (the kind of signal of the variable SW3). Then, the
process proceeds to Step S119.

[Step S119] The video signal processing circuit 13 is
operated to generate a video signal on the basis of the signal
from the aforementioned distortional-aberration correcting
circuit or the CCD 10, and outputs the video signal. Then,
the process proceeds to Step S120.

[Step S120] It is determined whether an operation of a
zooming mechanism has been performed. If the operation of
the zooming mechanism has been performed, there is a
possibility that after the video signal has been outputted, the
zooming mechanism may have been operated to vary the
focal length. Accordingly, the process returns to Step S112
in which focal length information is newly detected, and the
operations subsequent to Step S112 are performed. On the
other hand, if the operation of the zooming mechanism has
not been performed, the process proceeds to Step S121.

[Step S121] It is determined whether the variable SW2 is
on (i.e., whether the focal length is within the distortional-
aberration correction range) and whether a focus adjusting
mechanism is in operation. If both conditions are satisfied,
the process proceeds to Step S116. If both conditions are not
satisfied, the process proceeds to Step S117 and the opera-
tions subsequent to Step S117 are performed.

The above-described operations are repeatedly per-
formed.

According to the above-described fifth and sixth
embodiments, during optical design, the photographic zoom
lens is designed so that photographic conditions under which
to perform distortional-aberration correction during photog-
raphy are restricted to extremely limited photographic pat-
terns selected from all possible photographic patterns. Dur-
ing photography, the photographing position of the
photographic zoom lens which is being operated is detected,
and only when distortional-aberration correction is needed,
i.e., only when the focal length is within the distortional-
aberration correction range, correction is performed of a
distortional aberration due to the photographic zoom lens.
Accordingly, it is possible to reduce the scale of a signal
processing circuit which is used for performing the
distortional-aberration correction during photography, and it
is possible to materially improve the signal processing
capability to perform various signal processings during
photography. Further, it is possible to design a light-weight,
compact photographic zoom lens which uses a reduced
number of lens elements, whereby it is possible to provide
a far more inexpensive solid-state image pickup camera of
further reduced size.
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FIG. 31 is a schematic diagram showing a photographic
zoom lens according to a seventh embodiment of the present
invention.

In FIG. 31, reference numeral 21 denotes an object plane,
and reference numeral 22 denotes an object. Reference
numeral 23 denotes the photographic zoom lens made up of
the aforementioned lens groups shown in FIG. 29. Reference
numeral 24 denotes an image surface, and reference numeral
25 denotes an image.

An image of the object 22 in the object plane 21 is formed
as the image 25 on the image surface 24 by the photographic
zoom lens 23. A CCD 216 which is a solid-state image
sensor to be described later is disposed on the image surface
24 for performing photoelectric conversion of the image 25.
The photographic zoom lens 23 has a distortional aberration
which is set to a value larger than a normal allowable value.
Accordingly, the image 25 is distorted compared to the
object 22 as shown in FIG. 31.

However, in lens design, it is well known that if the
allowable value of a particular aberration is made greater
than those of the other aberrations, it is possible to facilitate
correction of the other aberrations. Accordingly, it is pos-
sible to achieve various advantages such as a reduction in the
size of the photographic zoom lens 23, a reduction in the
number of lens elements to be incorporated therein, and
utilization of an inexpensive glass material.

FIG. 40 is a block diagram schematically showing the
arrangement of a solid-state image pickup camera provided
with the above-described photographic zoom lens.

The arrangement shown in FIG. 40 includes the CCD 216
which is a solid-state image sensor, and the CCD 216 is
made up of a photoelectric conversion part 201, a storage
part 203 and a shift register 205. Reference numeral 202
denotes an example of an image pattern formed on the
photoelectric conversion part 201, and reference numeral
204 denotes a charge pattern.

The shown arrangement also includes an amplifier 206, a
sample-and-hold (S/H) circuit 207, an analog/digital (A/D)
converter 208, and a line memory 209 having a memory
capacity capable of memorizing an output for several lines
from the CCD 216. A lens state signal 210 indicates the
current state of the photographic zoom lens 23 (i.e., the lens
state), and contains information about the state of zooming,
the state of focus, a zooming speed and the like. The shown
arrangement also includes an address memory circuit 211 for
outputting address information for use in executing readout
from the line memory 209, an interpolation circuit 212, a
video signal processing circuit 213 and a synchronizing
signal adding circuit 214. An output video signal is denoted
by reference numeral 215.

Although the operation of each of the above-described
circuit elements is controlled by a timing controlling circuit,
an illustration of the timing controlling circuit, control
signals and the like is omitted for the sake of simplicity.

The operation of the above-described solid-state image
pickup camera will be described below.

Referring to FIG. 40, signals indicative of pixels of the
CCD 216, which are read out from the shift register 205, are
amplified by the amplifier 206. The amplified signals are
supplied to and held by the S/H circuit 207. The output from
the S/H circuit 207 is digitized by the A/D converter 208,
and the digital output from the A/D converter 208 is supplied
to and memorized in the line memory 209. The signals for
a plurality of lines of the CCD 216 are stored in the line
memory 209 before a readout operation is started. This
storing operation is carried out to read out pixel signals
along a curved scanning line because the curved scanning
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line extends across a plurality of pixel lines. If the lens state
signal 210 is inputted to the address memory circuit 211, the
address memory circuit 211 can detect the current lens state.

The address memory circuit 211 includes a built-in ROM
(read-only memory) in which shape data about scanning
lines corresponding to various lens states are memorized.
The shape data about scanning lines corresponding to vari-
ous lens states may be obtained by directly sampling the
scanning lines, or may be obtained as a coefficient by
performing appropriate approximation using a function. The
shape data about the scanning lines which correspond to the
states of the photographic zoom lens 23 are obtained during
the process of designing the photographic zoom lens 23 or
by optical measurement performed after a trial production.

If zooming is inoperative, the address memory circuit 211
reads out data from the aforesaid ROM in accordance with
the state of the photographic zoom lens 23, and generates
from the read-out data an address for reading out a pixel
signal from the line memory 209. The read-out pixel signal
is outputted to the video signal processing circuit 213 as a
corrected version of the signal obtained at the CCD 216.

Since the positions of pixels obtained at the CCD 216
generally do not coincide with those of pixels on a curved
scanning line, the positions of the pixels on the curved
scanning line need to be subjected to interpolation process-
ing. Accordingly, data for a plurality of pixels are read out
from the line memory 209 and supplied to the interpolation
circuit 212, in which the value of one pixel on the scanning
line is calculated.

FIG. 41 is an explanatory view of distortional-aberration
correcting processing.

In FIG. 41, an object is indicated by reference numeral
231, and an image of the object 231 is indicated by reference
numeral 232. The image 232 is obtained through the pho-
tographic zoom lens 23, and a charge pattern on the CCD
216 also has the same shape as the image 232. Reference
numeral 233 denotes an image formed by the output video
signal 215.

In FIG. 41, the three patterns 231, 232 and 233 are
exaggeratedly depicted in such a manner that the relation-
ship in size between the three patterns 231, 232 and 233
differs from the relationship between the actual scales of
them.

The image 232 is distorted with respect to the object 231
by the distortional aberration of the photographic zoom lens
23. However, since distortional-aberration correction is elec-
trically performed as described previously, the image 233
formed by the output video signal 15 is obtained as an image
similar to the object 231 as shown in FIG. 41.

During a zooming operation, the above-described image-
distortion correcting data which is part of the ROM data is
not used and, hence, no interpolation is performed, so that a
distorted image obtained at the CCD 216 is outputted along
a path B.

The above-described distortion correcting operation will
be described below with reference to the flowchart of FIG.
42.

[step S241] A photographic operation is started.

[Step S242] It is determined whether the zoom is on or off.
If the zoom is on, since no distortion correction is
performed, the process stays in Step S242. If the zoom is off,
the process proceeds to Step S243 to perform distortion
correction.

[Step S243] A zoom position and a focus position are
detected, and the process proceeds to Step S244.

[Step S244] Shape data about a scanning line which
corresponds to the aforesaid lens state is taken out, and the
process proceeds to Step S245.
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[Step S245] Interpolation processing is performed on the
basis of the shape data about the scanning line, thereby
performing the distortion correction.

It is to be noted that although the distortional aberration
has been referred to herein as a geometrical distortion by
way of example, the seventh embodiment can, of course, be
applied to another kind of geometrical aberration.

It is also preferable to adopt an arrangement in which
when the zoom is on, an image formed at the CCD 216 is
directly outputted to the video signal processing circuit 213
by an analog circuit.

According to the above-described seventh embodiment,
since no distortion correction is performed during a zooming
operation, it is possible to achieve simplified computing
processing and rapid zooming.

FIG. 43 is a flowchart showing the distortion correcting
operation of a solid-state image pickup camera according to
an eighth embodiment of the present invention. FIG. 44 is a
view which serves to explain the manner of calculation of
the amount of correction in Step S253 of FIG. 43.

When the zoom is off, if a focal length f is f=Z, distortion
correction is performed from scanning-line shape data based
on the lens state at that time by means of the interpolation
circuit.

However, if the zoom is on, the amount of correction,
f(Z"), for a focal length Z' to which the current focal length
Z will have varied with the elapse of At owing to zooming
is beforehand obtained by:

Z'=Z+v-At

where v represents a zooming speed and At represents the
time required for distortion correction computation process-
ing. When the focal length Z' is reached during the zooming,
distortion correction is performed at the same time.

Steps S251 to S254 of FIG. 43 show the above-described
operation performed when the zoom is on.

By performing the above-described control, it is possible
to solve, without decreasing the zooming speed, the degra-
dation of image quality due to the problem that distortion
correction occasionally becomes unable to follow the zoom-
ing speed during zooming.

According to the above-described eighth embodiment,
since distortion correction is performed on the basis of the
zooming speed during zooming, it is possible to provide an
undistorted image at real time.

As described above, in accordance with the fifth to eighth
embodiments of the present invention, there is provided an
arrangement which includes a photographic zoom lens
which is formed in such a manner that its distortional
aberration is concentrated on a specific photographing
position, detecting means for detecting a photographing
position of the photographic zoom lens, and correcting
means for correcting, if the detecting means detects that the
photographing position of the photographic zoom lens dur-
ing photography is located within a position where a large
distortional aberration occurs, a geometrical deformation of
an image occurring due to the photographic zoom lens by
reading out image data from the solid-state image sensor on
the basis of the geometrical deformation. During optical
design, the photographic zoom lens is formed in such a
manner that the distortional aberration is concentrated on the
specific shooting position. During photography using the
photographic zoom lens, if the photographing position of the
photographic zoom lens enters the position where the large
distortional aberration occurs, the image data is read out
from the solid-state image pickup device on the basis of the
geometrical deformation of the image occurring due to the
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photographic zoom lens, and distortional-aberration correc-
tion is performed of the geometrical deformation.

Accordingly, it is possible to improve image quality and
to provide not only an inexpensive photographic zoom lens
but also a low-cost image pickup circuit.

Also, control means is provided for switching the manner
of correction of the geometrical deformation according to
whether a zooming operation is being performed, so that,
during the zooming operation, the operation of correcting
the geometrical deformation is not performed or the opera-
tion of correcting the deformation is performed by using
zooming speed information.

Accordingly, it is possible to improve the zooming speed
and to provide an undistorted output image.

An embodiment which will be described later discloses a
control device which is arranged to display, during elec-
tronic zooming, a video image corresponding to the entire
area of the image sensor on a portion of a display so that a
user can visually confirm which portion of the entire image
plane corresponds to an object image picked up by elec-
tronic zooming.

FIG. 45 is a block diagram schematically showing the
arrangement of a ninth embodiment of the present invention.
The shown arrangement includes a photographic lens 310,
an image sensor 312 for converting an optical image formed
by the photographic lens 310 into an electrical signal, a
camera signal processing circuit 314 for subjecting the
output of the image sensor 312 to camera signal processing
such as gamma correction or color adjustment and output-
ting luminance and color-difference signals (or RGB
signals), and an A/D converter 316 for converting the analog
output of the camera signal processing circuit 314 into a
digital signal.

The shown arrangement also includes an image memory
318 having a memory capacity for at least one image plane
for temporarily memorizing image data outputted from the
A/D converter 316, and an image enlarging circuit 320 for
electrically enlarging a specified area of an image memo-
rized in the image memory 318 to a predetermined size by
means of coordinate transformation. Incidentally, if the
specified area corresponds to the entire size of the image
plane, the image enlarging circuit 320 provides an output of
equal magnification.

The shown arrangement also includes a D/A converter
322 for converting the output data of the image enlarging
circuit 320 into an analog signal, and a video encoder 324 for
converting the image signal outputted from the D/A con-
verter 322 into a predetermined video format, for example,
a video signal conforming to the NTSC system. The output
of the video encoder 324 is applied to an output terminal 326
and to an electronic viewfinder (EVF) 328. A video image
recording device, such as a video tape recorder or a video
cassette recorder, is connected to the output terminal 326.

An electronic-zoom frame position selecting key 330 is
provided for selecting a position of an electronic-zoom
frame within a photographic image plane displayed in the
electronic viewfinder 328, and is formed by, for example, a
key switch for inputting an instruction indicative of any of
upward, downward, rightward and leftward movements. An
electronic-zoom switch 332 is provided for turning on or off
an electronic zoom. A system controlling system 334 con-
trols the entire arrangement and, specifically, controls the
electronic realized by the image memory 318 and the image
enlarging circuit 320, in accordance with the electronic-
zoom frame position selecting key 330 and the electronic-
zoom switch 332.

According to the ninth embodiment, as shown in FIG. 48,
five areas A, B, C, D and E are set in the photographic image
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plane, and the electronic-zoom frame can be moved to any
of the five areas A, B, C, D and E. The arecas A, B, C, D and
E may have the same size or different sizes. The reason why
the electronic-zoom frame is made to move to any of the
aforesaid fixed positions is to simplify a control system. Of
course, it is possible to adopt an arrangement capable of
continuously moving the electronic zoom within the photo-
graphic image plane. In this arrangement, the key switch 330
may be replaced with an operating member such as a
cross-shaped lever which is easier to operate.

As a matter of course, it is also possible to adopt an
arrangement capable of recognizing or memorizing the
feature of an object and causing the electronic-zoom frame
to move automatically so as to track a specific object.

The operation of the ninth embodiment will be described
below with reference to FIG. 49. When a power supply is
turned on, the image sensor 312 converts an optical image
formed by the photographic lens 310 into an electrical signal
(Steps S201 and S202), and the camera signal processing
circuit 314 subjects the output of the image sensor 312 to
camera signal processing (Step S203). The output of the
camera signal processing circuit 314 is converted into a
digital signal by the A/D converter 316 (Step S204), and the
digital signal is temporarily memorized in the image
memory 318 in units of one image plane (Step S205).

If it is determined in Step S206 that the electronic-zoom
switch 332 is on, the system controlling circuit 334 deter-
mines which of the areas A, B, C, D and E is to be
electronically zoomed, on the basis of the state of the
electronic-zoom frame position selecting key 330. The
image enlarging circuit 320 reads out, from the image
memory 318, image data indicative of the image contained
in the electronic-zoom frame located in a specified position,
and displays the image data as an image enlarged up to a
predetermined image size, for example, as shown in FIG. 47
(steps S207 and S208). On the other hand, if it is determined
in Step S206 that the electronic-zoom switch 332 is off, the
image enlarging circuit 320 reads out image data corre-
sponding to the entire image plane from the image memory
318 and outputs the image data without modification (Step
S209).

The D/A converter 322 converts the digital output of the
image enlarging circuit 320 into an analog signal (step
$210), and the video encoder 324 converts the output of the
D/A converter 322 into a video signal of predetermined
format (Step S211). The output of the video encoder 324 is
applied to the electronic viewfinder 328 and is also outputted
through the output terminal 326 to an external circuit (Step
S212). The output video signal of the video encoder 324
becomes, when the electronic zoom is on, a signal repre-
sentative of an enlarged video image of the image contained
in the electronic-zoom frame located in the specified posi-
tion.

For example, if the electronic-zoom frame is moved to the
area C, the enlarged image shown in FIG. 50 is obtained
from the photographic image shown in FIG. 46.

In the ninth embodiment, it is also possible to adopt an
arrangement in which when the electronic-zoom switch 332
is off, the output of the camera signal processing circuit 314
is directly supplied to the video encoder 324, while if the
electronic-zoom switch 332 is on, the output of the camera
signal processing circuit 314 is made to pass through the
circuits 316 to 322.

According to the ninth embodiment, if the electronic
zoom is in operation, it is impossible to obtain image
information outside of the electronic-zoom frame from the
photographic image plane displayed in the electronic view-
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finder 328 or the signal outputted from the output terminal
326. The image information outside of the electronic-zoom
frame is occasionally needed as a material for determining
whether the electronic zoom is to be turned off.

A tenth embodiment which satisfies such a demand will
be described below. FIG. 51 is a block diagram showing the
arrangement of the tenth embodiment. The shown arrange-
ment includes a photographic lens 340, an image sensor 342,
a camera signal processing circuit 344, an A/D converter 346
for converting the analog output of the camera signal
processing circuit 344 into a digital signal, and an image
memory 348. These elements 340 to 348 are substantially
identical to the elements 310 to 318 shown in FIG. 45.

The shown arrangement also includes an image enlarging
circuit 350 for electronically enlarging a specified area of an
image memorized in the image memory 348 to a predeter-
mined size through coordinate transformation, and an image
reducing circuit 352 for reducing the image memorized in
the image memory 348 to a predetermined size. The image
enlarging circuit 350 provides an output of equal magnifi-
cation if the specified area corresponds to the entire size of
the image plane. The shown arrangement also includes an
image combining circuit 354 for combining (or selecting
either one of) the output of the image enlarging circuit 350
and the output of the image reducing circuit 352.

The shown arrangement also includes a D/A converter
356 for converting the output data of the image combining
circuit 354 into an analog signal, and a video encoder 358 for
converting the image signal outputted from the D/A con-
verter 356 into a predetermined video format, for example,
a video signal conforming to the NTSC system. The output
of the video encoder 358 is applied to an output terminal 360
and to an electronic viewfinder (EVF) 362. A video image
recording device, such as a video tape recorder or a video
cassette recorder, is connected to the output terminal 326.

The shown arrangement also includes an electronic-zoom
frame position selecting key 364 similar to the electronic-
zoom frame position selecting key 330, an electronic-zoom
switch 366 similar to the electronic-zoom switch 332, a
subsidiary-image-plane display switch 368 for specifying
whether to display a photographic image in the form of a
subsidiary image plane, and a system controlling circuit 370
for controlling the entire arrangement. Specifically, the
system controlling circuit 370 controls the electronic zoom
in accordance with the electronic-zoom frame position
selecting key 364 and the electronic-zoom switch 366, and
also controls the subsidiary-image-plane display of the pho-
tographic image in accordance with the subsidiary-image-
plane display switch 368.

Referring to the feature of the tenth embodiment, when
the electronic-zoom switch 366 is turned on, the image
enlarging circuit 350 electronically enlarges the image con-
tained in the area specified by the electronic-zoom frame
position selecting key 364, in a manner similar to that
explained in connection with the embodiment shown in FIG.
45. The image enlarging circuit 350 reduces the entire
photographic image memorized in the image memory 348 to
a predetermined size.

When the subsidiary-image-plane display switch 368 is
turned on, the image combining circuit 354 combines a
reduced image outputted from the image reducing circuit
352 with a predetermined portion of an enlarged image
outputted from the image enlarging circuit 350, and outputs
the combined image. When the subsidiary-image-plane dis-
play switch 368 is turned off, the image combining circuit
354 outputs the output image of the image enlarging circuit
350 without modification.
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When both the electronic-zoom switch 366 and the
subsidiary-image-plane display switch 368 are turned on,
the image enlarging circuit 350, the image reducing circuit
352 and the image combining circuit 354 cooperate to cause
the image combining circuit 354 to output an image such as
that shown in FIG. 52. A user can obtain image information
outside of the electronic-zoom area through the subsidiary
image plane.

If a video signal indicative of only an electronically
zoomed video image is to be outputted from the output
terminal 360 to an external circuit, it is preferable to adopt
an arrangement in which the output of the image enlarging
circuit 350 is converted into a video signal conforming to the
NTSC system or the like by another video encoder so that
the output of this video encoder and the output of the video
encoder 358 can be selectively supplied to the output
terminal 360.

If a frame line corresponding to the electronic-zoom
frame which is set is displayed in the subsidiary image
plane, the usability of the electronic zoom is improved. To
display such a frame line in the subsidiary image plane, it is
preferable to write frame-line data into a portion in the
image memory 348 which corresponds to an electronic-
zoom frame position selected by the electronic-zoom frame
position selecting key 364.

The ninth and tenth embodiments described above are
arranged in such a manner that the position of the electronic-
zoom frame can be altered. However, it is also possible to
adopt an arrangement which is provided with means for
setting the size of the electronic-zoom frame so that the size
of the electronic-zoom frame can be altered.

As will be readily understood from the above description,
according to the ninth and tenth embodiments, since the
electronic-zoom frame can be moved, it is possible to track
the movement of an object by moving not the entire image
pickup apparatus but the electronic-zoom frame, whereby it
is possible to suppress an image shake due to the image
pickup apparatus. Accordingly, it is possible to utilize the
electronic zoom more effectively.

FIG. 53 is a block diagram showing the circuit arrange-
ment of an image pickup apparatus according to an eleventh
embodiment of the present invention.

The arrangement shown in FIG. 53 includes an optical
system 401 for forming an object image on the surface of an
image sensor which will be described later, an image sensor
402 for performing photoelectric conversion of the object
image provided by the optical system 401, a signal process-
ing circuit 403 for processing a time-series signal relative to
the object image, which is obtained from the image sensor
402, an A/D converter 404 for converting an electrical signal
(analog signal) processed by the signal processing circuit
403 into a digital signal, and an image memory 405 for
memorizing image data supplied from the A/D converter
404.

The shown arrangement also includes an image process-
ing circuit 406 for enlarging and reducing an image, an
image combining circuit 407 for combining an enlarged
image and a reduced image, a D/A converter 408 for
restoring a digital signal subjected to the above-described
image processing to an analog signal, an encoder 409 for
converting the analog signal obtained by the D/A conversion
into a standard video signal 410 conforming to the NTSC
system, and an electronic viewfinder (EVF) 411 for confir-
mation of a photographic image plane displayed therein.

A system controller 412 is provided for checking the
operational state of each selecting member which will be
described later and controlling each constituent element in
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accordance with the checked operational state, and can be
easily realized by using a general-purpose microprocessor.
An electronic-zoom function selecting member 413 is pro-
vided for specifying whether to make an electronic-zoom
function operative (on) or inoperative (off), and a subsidiary-
image-plane display selecting member 414 for specifying
whether to display (on) an original image which is not
enlarged, in the form of a subsidiary image plane or to
inhibit display of the subsidiary image plane (off).

FIG. 54 is a flowchart showing the operation of the image
pickup apparatus having the above-described arrangement.

When a power switch (not shown) of the apparatus is
turned on, an object image is inputted to the image sensor
402 through the optical system 401 (Step S301). The object
image formed on the image sensor 402 is converted into an
electrical signal by the image sensor 402 (Step S302). The
signal processing circuit 403 which has received the elec-
trical signal converts the signal into a time-series signal
relative to the object image (Step S303).

Then, the system controller 412 checks the state of the
electronic-zoom function selecting member 413 and deter-
mines whether the electronic-zoom function is on (Step
S304). If it is determined that the electronic-zoom function
is off, the process proceeds to Step S312. If it is determined
that the electronic-zoom function is on, the process proceeds
to Step S305, in which the time-series analog signal relative
to the object image is converted into a digital signal by the
A/D converter 404. Then, information for one image plane
is temporarily memorized in the image memory 405 (Step
S306), and the image processing circuit 406 performs the
image processing of selecting a digital image signal indica-
tive of the image contained in the electronic-zoom frame
from the memorized digital signal and enlarging the image
up to the full size of the image plane (Step S307).

The variation of the image at that time will be described
below with reference to FIG. 56. The image contained in the
electronic-zoom frame is selected from an image for one
image plane, such as that shown in the left-hand part of FIG.
56, and is enlarged up to the full size of the image plane so
that the image shown in the right-hand part of FIG. 56 is
formed. This image processing can be easily realized by
performing coordinate transformation radially from the cen-
ter of the electronic-zoom frame toward the outside thereof.
Accordingly, detailed description of the image processing is
omitted herein.

Then, the system controller 412 checks the state of the
subsidiary-image-plane display selecting member 414 for
displaying an original image plane, which is not enlarged up
to an electronically zoomed image plane, as a subsidiary
image plane, and checks whether a subsidiary-image-plane
display function for displaying the original image plane
which is not enlarged is on (Step S308). If it is determined
that the subsidiary-image-plane display function is off, the
process proceeds to Step S311. If it is determined that the
subsidiary-image-plane display function is on, the process
proceeds to Step S309. In Step S309, the image processing
circuit 406 performs the image processing of reducing the
image signal memorized in the image memory 405 at a
predetermined ratio. Then, the image combining circuit 407
combines the image obtained in Step S309 and the image
obtained in Step S307 so that the subsidiary-image-plane
display signal indicative of the original image which is not
electronically zoomed is made to overlap the electronically
zoomed image (Step S310).

The state of the image at that time is shown in FIG. 55.
The aforesaid image processing can be realized by perform-
ing coordinate transformation radially toward the center of
the electronic-zoom frame.
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Then, the combined digital image signal is converted into
an analog signal by the D/A converter 408 (Step S311), and
the analog signal is restored to the standard video signal 410
by the encoder 409 (Step S312). The thus-obtained image is
displayed in the EVF 411 (Step S313), and a photographer
confirms this image. Also, the image is recorded by the
recording device (not shown) (Step S314).

If it is determined in Step S304 that the electronic-zoom
function is off, the process proceeds to Step S312 as
described previously and the time-series analog signal rela-
tive to the object image is immediately restored to the
standard video signal 410 by the encoder 409. The thus-
obtained normal image is supplied to the EVF 411 and to the
recording device (Steps S313 and S314).

If it is determined in Step S308 that the subsidiary-image-
plane display selecting member 414 is off, the process
proceeds to Step S311, in which the enlarged-image digital
signal is converted into an analog signal by the D/A con-
verter 408. The analog signal is converted into the standard
video signal 410 by the encoder 409 (Step S312). The
thus-obtained image is supplied to the EVF 411 and to the
recording device (Steps S313 and S314).

There is a great possibility that a temporally varying
foreign object which is contained in image information
outside of the electronic-zoom frame may enter the
electronic-zoom frame. Also, if such a temporally varying
foreign object enters the electronic-zoom frame, it will affect
the movement of a target object within the electronic-zoom
frame. Accordingly, during the image reducing processing of
Step S309, it is also preferable to detect the temporally
varying foreign object, as by selecting temporally immedi-
ately previous information and making a comparison. In this
case, after the photographer has been informed of the
detected portion, as by blinking or a variation in color, the
process may proceed to Step S310.

According to the eleventh embodiment, the image pickup
apparatus is provided with means for enlarging an image,
means for reducing an image and means for combining
image signals processed by the respective means, and is
arranged so that a photographer can perform photography
while confirming, in the EVF 411, image information out-
side of the electronic-zoom frame during the operation of the
electronic-zoom function. Accordingly, it is possible to
realize electronic-zoom photography capable of expanding
an photographic opportunity, and the photographer can
securely use the electronic zoom.

FIG. 57 is a block diagram showing the circuit arrange-
ment of an image pickup apparatus according to a twelfth
embodiment of the present invention.

The arrangement shown in FIG. 17 includes a photo-
graphic lens 421 which is formed as a lens assembly
provided with a variator lens 422, a CCD 423 which is an
image sensor for performing photoelectric conversion of an
object image passing through the photographic lens 421, an
analog signal processing circuit 424 for processing an ana-
log signal supplied from the CCD 423, an A/D converter 425
for converting an analog signal supplied from the analog
signal processing circuit 424 into a digital signal, a digital
signal processing circuit 426 for processing an input digital
signal, and an image memory 427 for temporarily storing, as
image data, a signal supplied from the digital signal pro-
cessing circuit 426.

An electronic-zoom circuit 428 is controlled by an
electronic-zoom controller 430, and has the function of
cutting out a predetermined area (image frame) from the
image data memorized in the image memory 427 and
enlarging the image data contained in the predetermined
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area up to the full size of an image plane. The electronic-
zoom circuit 428 also has the function of outputting the
memorized image data from the image memory 427 without
performing an enlarging operation.

A D/A converter 429 converts the digital signal from the
electronic-zoom circuit 428 into an analog signal, and out-
puts the analog signal to an electronic viewfinder (EVF) (not
shown) and to a recording device (not shown).

A system controller 436 controls the analog signal pro-
cessing circuit 424, the A/D converter 425, the digital signal
processing circuit 426 and the image memory 427. Further,
the system controller 436 detects the state of a zoom switch
433 and the state of a zoom speed switch 434 and controls
a zoom driving circuit 432 to cause the variator lens 422 to
move in the direction of the optical axis thereof, thereby
executing optical zooming. Also, the system controller 436
detects the state of an electronic-zoom switch 435. If the
electronic-zoom switch 435 is off, the system controller 436
does not execute electronic zooming, whereas if the
electronic-zoom switch 435 is on, the system controller 436
controls the electronic-zoom controller 430 in accordance
with the respective states of a zoom encoder 431, the zoom
switch 433 and the zoom speed switch 434, thereby execut-
ing electronic zooming according to each individual condi-
tion.

FIG. 58 is a flowchart showing the operation of the image
pickup apparatus having the above-described arrangement.

First, an image is inputted to the CCD 423 through the
photographic lens 421 (Step S401), and the electrical signal
formed by photoelectric conversion in the CCD 423 is
processed by the analog signal processing circuit 424 (Step
S402). The signal outputted from the analog signal process-
ing circuit 424 is converted into a digital signal by the A/D
converter 425 (Step S403). The digital signal is processed by
the digital signal processing circuit 426 (step S404), and the
resultant digital signal is memorized in the image memory
427 (Step S405).

In Step S406, it is checked whether the electronic-zoom
switch 435 is on or off. If the electronic-zoom switch 435 is
off, the process proceeds to Step S419, in which no elec-
tronic zooming is performed and the image data memorized
in the image memory 427 in Step S405 is immediately
converted into an analog signal by the D/A converter 429.
The image data is outputted to the electronic viewfinder
(EVF) (not shown) and to the recording device (not shown).

On the other hand, if it is determined in Step S406 that the
electronic-zoom switch 435 is on, the process proceeds to
Step S407. In Step S407, it is checked whether the electronic
zoom is in its operative state, by making reference to the
state of an electronic-zoom operation flag. If the electronic
zoom is in the operative state, the process proceeds to Step
S411. If the electronic zoom is not in the operative state, the
process proceeds to Step S408, in which it is determined
whether the zoom position (the position of the variator lens
422) is a telephoto end, through the zoom encoder 431. If the
current zoom position is not the telephoto end, the process
proceeds to Step S419, in which the image data memorized
in the image memory 427 in Step S405 is converted into an
analog signal by the D/A converter 429. The image data is
outputted to the electronic viewfinder (EVF) (not shown)
and to the recording device (not shown). On the other hand,
if it is determined in Step S408 that the current zoom
position is the telephoto end, the process proceeds to Step
S409, in which it is checked whether the zoom switch 433
is operated so that further driving toward the telephoto side
can be executed. If the zoom switch 433 is not operated so
that further driving toward the telephoto side can be
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executed, the process proceeds to Step S419, in which, as
described above, the image data memorized in the image
memory 427 in Step S405 is converted into an analog signal
by the D/A converter 429. The image data is outputted to the
electronic viewfinder (EVF) (not shown) and to the record-
ing device (not shown). If the zoom switch 433 is operated
so that further driving toward the telephoto side can be
executed, the process proceeds to Step S410, in which the
electronic-zoom operation flag is set.

Then, in Step S411, it is determined whether the zoom
switch 433 has been pressed. If the zoom switch 433 has not
been pressed, the process proceeds to Step S418, in which
electronic zooming is executed at the same enlargement
ratio as the previous one. If the zoom switch 433 has been
pressed, the process proceeds to Step S412, in which it is
checked whether the zoom switch 433 is operated so that
driving toward the telephoto side can be executed or so that
driving toward the wide-angle side can be executed. If the
zoom switch 433 has been pressed so that driving toward the
telephoto side can be executed, the process proceeds to Step
S413, in which it is determined whether the power of
electronic zooming at that time is not less than a predeter-
mined power c. If the power of electronic zooming at that
time is not less than the predetermined power o, the process
proceeds to Step S418, in which the enlargement ratio is set
to an enlargement ratio corresponding to the electronic-
Zooming power o.

If the zoom switch 433 has been pressed so that driving
toward the wide-angle side can be executed, the process
proceeds to Step S414, in which it is determined whether the
power of electronic zooming at that time is not greater than
“17. If the power of electronic zooming at that time is not
greater than “1”, the process proceeds to Step S420, in which
the electronic-zoom operation flag is reset. Then, the process
proceeds to Step S419.

If it is determined in Step S413 that the electronic-zoom
power is less than o, or if it is determined in Step S414 that
the electronic-zoom power exceeds “1”, the process pro-
ceeds to Step S415. In Step S415, the state of the zoom speed
switch 434 is checked to determine which of a high speed
V,; and a lower speed V, has been selected as the zoom
speed. If the high speed V; has been selected as the zoom
speed, the process proceeds to Step S416, in which the speed
of electronic zooming (power varying) is increased. If the
zoom speed switch 434 is set for the low speed V,, the
process proceeds to Step S417, in which the speed of
electronic zooming (power varying) is decreased.

Then, the process proceeds to Step S419 from any of
Steps S416, S417, S418 and S420 to Step S419, in which the
electronically zoomed image is converted into an analog
signal by the D/A converter 429. The analog signal is
outputted to the electronic viewfinder (EVF) (not shown)
and to the recording device (not shown).

The (power-varying) speed of the electronic zoom can be
varied by changing the rate of variation of an image cutting
frame, as shown in FIGS. 59(a) and 59(b). That is, it is
possible to increase the power-varying speed of the elec-
tronic zoom by increasing the rate of variation of the image
cutting frame (refer to FIG. 59(a)), while it is possible to
decrease the power-varying speed of the electronic zoom by
increasing the rate of variation of the image cutting frame
(refer to FIG. 59(b)), it is possible to increase the power-
varying speed of the electronic zoom.

In the twelfth embodiment, although two different optical-
zoom speeds are used, n optical-zoom speeds may be
employed. If n optical-zoom speeds are employed, n
electronic-zoom speeds may be prepared or the number of
electronic-zoom speeds may be set to n/2, n/3 and so on.
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According to the above-described twelfth embodiment,
the image pickup apparatus is provided with a function
which causes the zoom speed of the electronic zoom to vary
according to the driving speed of the optical zoom which is
variable in two or more steps in zoom speed. Accordingly,
it is possible to smoothly vary the angle of view during a
switching from the optical zoom to the electronic zoom or
during a switching from the electronic zoom to the optical
Zoom.

As described above, according to the above-described
eleventh embodiment, the image pickup apparatus is pro-
vided with image reducing means for electronically reducing
to a predetermined size an image for one image plane
formed by an image signal supplied from signal processing
means, and image combining means for combining the
image reduced by the image reducing means with a portion
of an image enlarged by electronic-zoom means and out-
putting a combined image to display means, so that an
original image plane which is not electronically zoomed is
displayed at real time in the form of a subsidiary image plane
on a portion of an image enlarged by electronic zooming.

Accordingly, the eleventh embodiment makes it possible
for a photographer to confirm image information outside of
the electronic-zoom frame during electronic zooming.
Accordingly, it is possible to realize electronic-zoom pho-
tography capable of expanding an photographic opportunity,
and the photographer can securely use the electronic zoom.

According to the twelfth embodiment, the image pickup
apparatus is provided with electronic-zoom speed setting
means for varying, if the optical zoom is switched to the
electronic zoom, the zoom speed of the electronic-zoom
means in accordance with a zoom speed detected by state-
of-optical-zoom detecting means, so that the electronic-
zoom speed can be varied according to the driving speed of
the optical zoom which can be varied in zoom speed.

Accordingly, it is possible to smoothly vary the angle of
view during a switching from the optical zoom to the
electronic zoom or during a switching from the electronic
zoom to the optical zoom.

FIG. 60 is a block diagram showing the circuit arrange-
ment and the optical system of a camera having a zoom
function according to a thirteenth embodiment of the present
invention.

The arrangement shown in FIG. 60 includes a power
varying optical system 501 whose focal length is variable, an
image sensor 502 such as a CCD, focal-length converting
means 503, such as a wide-angle attachment, for discon-
tinuously converting the focal length, power varying means
504 having the function of continuously varying the focal
length of the power varying optical system 501, an A/D
conversion circuit 505 for converting an analog signal into
a digital signal, a line memory 506, an interpolation circuit
507, a video signal processing circuit 508, an address
generating circuit 509 for generating a readout address, and
a control circuit 510 for controlling the focal-length con-
verting means 503, the power varying means 504, the
address generating circuit 509 and other associated ele-
ments.

In the above-described arrangement, a signal from the
image sensor 502 is converted into a digital signal by the
A/D conversion circuit 505, and the digital signal is stored
in the line memory 506.

If a portion of an image plane is to be cut out and used in
an enlarged state, i.e., if so-called electronic zooming is to
be performed, the address generating circuit 509 generates
an address information signal for reading out a required area
in accordance with a signal outputted from the control
circuit 510.
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On the basis of the address information, the information
memorized in a required portion of the line memory 506 is
outputted to the interpolation circuit 507, in which the
information is subjected to appropriate interpolation. The
output of the interpolation circuit 507 is converted into a
video signal by the video signal processing circuit 508, and
the video signal is suppled to a recording system (not
shown).

FIG. 61 is a flowchart showing the operation of the
camera during zooming from its telephoto end to its wide-
angle side (its ultra-wide-angle end). Such an operation will
be described below with reference to the flowchart of FIG.
61.

Ordinary zooming is performed by the power varying
means 504 until the power varying optical system 501
reaches the wide-angle end (Steps S501—-S502—S501).
When the power varying optical system 501 reaches the
wide-angle end, the focal length is discontinuously and
instantaneously varied from the wide-angle end toward a far
wider-angle side (the ultra-wide-angle side) by the focal-
length converting means 503 (Step S503). As means for
instantaneously varying the focal length, a wide-angle
attachment may be inserted before the front face of the
power varying optical system 501 or an arrangement for
moving a part different from an ordinary power varying part
may also be adopted.

In Step S503, if nothing but the above-described process-
ing is done, the angle of view will vary discontinuously.

For this reason, at the same time, the electronic zoom is
instantaneously operated so that the angle of view of the
electronic zoom is made equal to the angle of view at the
wide-angle end (steps S504—S505—S506). Accordingly, it
is possible to prevent discontinuity from occurring in the
variation of the angle of view during zooming.

In practice, however, since a slight time is required to vary
the focal length from the wide-angle end to the ultra-wide-
angle end, there is the problem that an image is disturbed
during this time. To solve the problem, it is desirable that,
during the predetermined time required to vary the focal
length, an image obtained before the variation of the focal
length be held in a memory and the output of the memory be
used as an image representative of the variation of the angle
of view.

By performing zooming from the wide-angle end toward
the ultra-wide-angle end by means of the electronic zoom, it
is possible to vary continuously the angle of view from the
wide-angle end to the ultra-wide-angle end.

On the other hand, if zooming from the ultra-wide-angle
side to the wide-angle side is to be performed, zooming from
the ultra-wide-angle end to the angle of view equivalent to
the wide-angle end is performed by using the electronic
zoom. When the wide-angle end is reached, the electronic
zoom is switched to optical zooming based on the power
varying optical system 501 and the electronic zoom is
cancelled. Subsequently, the optical zooming toward the
telephoto end is performed by the power varying means 504.

As is apparent from the above description, by effectively
combining focal length converting means capable of dis-
continuously varying a focal length with an electronic-zoom
function, it is possible to achieve a field-of-view varying
effect equivalent to the effect of the variable angle of view
of a zoom lens which can optically zoom up to an ultra-
wide-angle range. Accordingly, a user can smoothly perform
photography even during zooming between the wide-angle
end and the ultra-wide-angle side.

FIG. 62 is a block diagram showing the circuit arrange-
ment and the optical system of a camera having a zoom
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function according to a fourteenth embodiment of the
present invention. In FIG. 62, the same reference numerals
are used to denote parts which are identical to those shown
in FIG. 60.

The arrangement shown in FIG. 62 includes a second
optical system 511 having a focal length shorter than the
focal length of the power varying optical system 501 which
is set to the wide-angle end, and signal selecting means 512
for selecting either one of the output signals of the two
optical systems 501 and 511 as a signal to be processed.

If a user selects zooming from the wide-angle end toward
a far wider-angle side during the use of the power varying
optical system 501, the output of the second optical system
511 is selected by the signal selecting means 512.

However, this output is not a signal output indicative of
the whole of the scene photographed by the second optical
system 511, but is a signal output which has been electroni-
cally zoomed up to a size which is equivalent to the size of
a video image which is provided by the power varying
optical system 501 at the wide-angle end thereof.

If zooming toward a far wider-angle side is be performed,
the power of the electronic zoom may be progressively
decreased.

On the other hand, if zooming from the ultra-wide-angle
side toward the telephoto side is to be performed, the
electronic zoom is used to perform zooming from the
ultra-wide-angle side up to an angle of view equivalent to
that of the second optical system 511 at the wide-angle end.
When the angle of view equivalent to that of the second
optical system 511 at the wide-angle end is reached, the
electronic zoom is switched to the power varying optical
system 501 so that optical zooming up to the telephoto end
can be continuously performed by the power varying means
504.

As is apparent from the above description, by effectively
combining two optical systems having discontinuously dif-
ferent focal lengths with an electronic-zoom function, it is
possible to continuously vary the angle of view between the
ultra-wide-angle side and the telephoto side. Accordingly,
the user can smoothly perform photography even during
zooming between the wide-angle end and the ultra-wide-
angle side.

Of course, it is also possible to adopt an arrangement
capable of performing zooming from the telephoto end
toward an ultra-telephoto side by means of the electronic
Zoom.

It is to be noted that, in the above-described fourteenth
embodiments, it is necessary to satisfy the following expres-
sion:

1p=z (1)

where (<1) represents the ratio of the focal length of the
power varying optical system 501 at the wide-angle end
thereof to the focal length of the second optical system 511
at the wide-angle end thereof or the magnification required
for conversion between the focal lengths of the two optical
systems 501 and 511, and Z(>1) represents the power of the
electronic zoom.

If the power of the electronic zoom is smaller than the
lower limit of the expression (11), it is impossible to
continuously vary the angle of view even with the electronic
Zoom.

As is apparent from the above description, according to
the thirteenth embodiment, there is provided an arrangement
which is provided with control means for causing, if zoom-
ing from the wide-angle end of a power varying optical
system toward a far wider-angle side is specified, focal



5,905,530

39

length varying means to function to set a focal length to an
ultra-wide-angle side and, at the same time, causing
electronic-zoom means to operate to vary the power of an
electronic zoom continuously up to the ultra-wide-angle side
in the state of keeping the size of an output image equal to
that of an image obtainable from the power varying optical
system. The electronic-zoom means is combined with means
for varying discontinuously and instantaneously the focal
length from the wide-angle end toward a far wider-angle
side (ultra-wide-angle side), so that zooming between a
telephoto end and the ultra-wide-angle side can be continu-
ously performed.

According to the fourteenth embodiment, there is pro-
vided an arrangement which is provided with control means
for selecting, if zooming toward a far wider-angle side from
the wide-angle end of a first optical system having a power
varying function is specified, an image obtained from a
second optical system having a focal length shorter than the
focal length of the first optical system at the wide-angle end
thereof and, at the same time, causing electronic-zoom
means to operate to vary the power of an electronic zoom
continuously up to the ultra-wide-angle side in the state of
keeping the size of an output image equal to that of an image
obtainable from the first optical system. The electronic-
zoom means is combined with a second optical system
having a focal length shorter than the focal length of the first
optical system at the wide-angle end thereof, so that zoom-
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ing between a telephoto end and the ultra-wide-angle side
can be continuously performed.

Accordingly, it is possible to continuously vary the angle
of view between the wide-angle end and the ultra-wide-
angle side, so that the user can smoothly perform photog-
raphy even during zooming between the wide-angle end and
the ultra-wide-angle side.

What is claimed is:

1. An image pickup apparatus comprising:

an image pickup device for generating an electrical signal

from an optical image formed by a zoom lens;

aberration information memorizing means for memoriz-
ing distortional aberration information about the zoom
lens;

focal length detection means for detecting a focal length
of the zoom lens; and

signal processing means for processing the electrical
signal based on the distortional aberration information
and the focal length so as to correct distortional aber-
ration based on a center of an image plane when the
zoom lens is in a predetermined focal length zone, and
to correct the distortional aberration based on an arbi-
trary image height when the zoom lens is not in the
predetermined focal length zone.
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