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1
ELECTRONIC ZOOM IMAGE INPUT
METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

This invention relates to a electronic zoom image input
method, that can obtain the zoom image through the fixed
focal length image input optical lens, without degrading the
zoom image resolution.

BACKGROUND ART

Image input systems such as cameras or camcoders, zoom
lenses that can vary their focal length are used widely to
obtain zoom images, conventionally.

However, as the zoom lens is highly precision instrument,
it is expensive and also large in size. Especially, for the digital
zoom cameras that have been required to be small size and
low price, conventional zoom lenses were obstacles for these
requirements. Furthermore, as image input devices or image
sensors such as CCDs have been becoming small in size
recently, smaller and shorter focal length zoom lenses have
been required for cameras that use these devices.

But, it is very difficult to realize the wide angle zoom lens
in short focal length, as it become very small and compli-
cated.

On the other hand, in the case of three-dimensional(3D)
zoom image input, accurately synchronized zoom action
between two zoom lenses for the left and right images become
necessary. As such a synchronized zoom action has to be
achieved precisely all in mechanical at the conventional zoom
lens, it becomes a very complicated and expensive apparatus.
Consequently, the introduction of zoom lens to 3D image
input has been very difficult.

Sometimes, in digital cameras, it is called as the electronic
telephoto zooming to expand simply a part of the input image
electronically. But it differs from a real zoom action, because
the resolution of the zoom image is degraded along with its
expansion.

DISCLOSURE OF INVENTION

This invention realized a all electronic zoom image input
method that do not use conventional optical zoom lens, with-
out degrading the image resolution. And also it solved issues
that conventional optical zoom lens had.

The electronic zoom image input method of this invention
has a fixed focal length lens that has the function of compress-
ing circumferential part of the input image (it is called as the
compressing optical system, thereafter) in combination with
a usual image input device with the uniformly aligned pixel.
And the output zoom image is realized without degrading
image resolution throughout the full zooming range, by pro-
cessing the image of this compressed input image.

And, an electronic zoom image input method that simplify
the zoom image processing by applying the compression
optical system that compresses the input image only to the
vertical and horizontal directions is introduced.

Also, a compression optical system is introduced that com-
presses the area close to the vertical and horizontal center
axes of the input image, in addition to the compression of the
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circumferential part of the input image to all direction. It
realizes an electronic zoom image input method with much
smaller image sensor area.

Furthermore, this compression optical system can be com-
posed as the attachment lens. Conventional digital cameras
can be changed to zoom camera systems of this invention, by
mounting this attachment compression lens to them.

Attachment conversion lenses have been commonly used
to change the equivalent focal length of conventional cam-
eras. In the same way, the focal length of the compression
optical system can be changed by mounting the conventional
attachment conversion lens to the compression optical sys-
tem. As the result, a different zooming range can be realized
by attaching this attachment conversion lens to this invented
method.

3D-image input system can be realized easily, by con-
structing each image input system of both left and right pic-
ture with the electronic zoom image input method of this
invention. Because, the accurately synchronized zoom action
between the two zoom systems can be easily done by elec-
tronic operation in this invention.

Functions of each items of this invention are explained,
next.

Usually, in a camera including the digital camera and the
camcorder, the zoom image of wide angle or telephoto view is
obtained through the zoom lens, by changing its equivalent
focal length.

On the other hand, at the electronic image sensor such as
CCD, it is possible to expand or compress a part of the input
image on the image plane of the image sensor, by processing
the image data electronically.

Accordingly, applying this image data processing method,
itbecomes possible to realize an equivalent zoom function, by
changing the area that corresponds to the output image to be
taken out from the input image plane of the image sensor.

For example, to change an zoom image from a standard
view image to a wide angle view image, the image data of
wider area on input image plane that corresponds to the wide
angle image is taken out, and is processed as the output image
of the wide angle view. In this case, if the area of the zoom
input image plane is used proportional to the angle of the view
image, the area that is needed to cover the wide angle image
becomes very large.

And, ifthe telephoto view image area on the image plane is
taken out as the telephoto output image, its needed area
becomes small. But as the number of pixel is reduced by this
reduced area, the resolution of the output image becomes
degraded. And this method to obtain the telephoto zoom
image is used in the conventional digital camera named as the
electronic zooming with the sacrifice of degraded resolution.

This indicates that the wider angle view image requires the
larger area of input image plane that accompanies higher
image resolution as the output image. Because, as the pixel is
uniform in density, the larger area on the image plane has
more image data. Conversely, the area of input image plane of
the wide angle image can be compressed to keep its resolution
same to that of the narrower angle image such as the standard
angle image.

Accordingly, in the image input system with fixed focal
length optical lens and with conventional uniform pixel
image sensor, it becomes possible to compose an electronic
zoom image input method that has a remarkably suppressed
area of the input image plane, by preparing the optical system
that compresses the circumferential part of the input image
that corresponds to the wide angle part of the input image.

The image through the fixed focal length optical system is
a fixed data, having exact correspondence between the object
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scene and its image. These zoom image information can be
freely reproduced as the fixed output zoom image, by the data
processing of the image conversion and correction.

For example, to obtain the wide angle output image, the
image data of its circumferential part is directly used, because
this part has been already compressed at the input image. And
the image data of its central part is compressed to the reduced
size that corresponds to the narrower area at the wide angle
output image. Because this part corresponds to the narrower
view image such as the standard view image, and occupies the
smaller area at the wide angle output image. As the result, the
wide angle output image that has the same resolution to the
standard view image is realized with minimum increase of
input image area.

Itis one of the most important features of this invention that
the image sensor with conventional uniform pixel density is
used in this invented method, which is made possible by
applying non-linear compression of the image data to the
compression optical system. And this made it easy to manu-
facture the sensor, and also easy to process the image data.

However, the pixel of the sensor is not necessarily uniform,
and it is also possible to apply non-uniform pixel device.
Furthermore, although the invention is explained mainly
about the 2-dimension input image plane, the input image
plane that is explained here includes even the case of the
1-dimension image sensor that composes the 2-dimension
input image plane by scanning it mechanically.

In general, the electronic image data can be easily pro-
cessed as is treated here. And the zoom output image that is
reproduced from the input image data of'this electronic image
input method can be easily and accurately realized by con-
verting and correcting it electronically.

As the fixed focal length optical system that is introduced
to this invented zoom method is a fixed optical system, the
input image that passed the optical system is also a fixed
image. Accordingly, the compression or distortion pattern
and the quantity of the image can also be exactly fixed. And
the original correct input image can be reproduced by pro-
cessing the compressed image that contains the fixed amount
of compression and distortion as described above.

The ultra wide-angle optical system as the fish-eye lens that
compresses the image uniformly, tends to contain large
amount of distortion. As its input image is also fixed one
including its distortion through the fixed ultra wide-angle
compressing optical system, an ultra wide-angle zoom input
image system can be composed by combining the ultra wide-
angle optical system to the compressing optical system of this
invention, where converting and correcting the wide zoom
input image is done simultaneously.

Conventionally, there have been proposals of image sen-
sors called silicone retina. But these sensors have pixels with
reduced density at the circumferential part of them, and don’t
have the zoom function preserving the same image resolu-
tion. Consequently, they are different at all from this inven-
tion in purpose and in principle.

This invented method is embodied as the image input appa-
ratus equipped with the optical system hat has the function of
compressing the circumferential part of the input image. This
optical system can also be realized as an attachment lens, that
is to be attached to the optical lens of the usual image input
apparatus. Accordingly, it is possible to realize the electronic
zoom image input method of this invention, by adding this
attachment optical system to the conventional image input
apparatus such as the photo camera or the camcorder.

Pixels of the electronic image sensor such as CCD are
generally arranged uniformly along the length and breadth
direction on the image plane. A simplified compressing opti-
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cal system is introduced that limits the compression of the
input image only to the vertical and horizontal direction, in
accordance with the direction of the pixel arrangement. And
it also results in reducing the amount of the image data pro-
cessing. By the introduction of this compressing optical sys-
tem, an electronic zoom input image method, that simplified
the image compressing process only to the length and breadth
direction, is realized.

At the electronic zoom image input system of this inven-
tion, the input image is compressed largely as it moves to its
circumferential part. In the case that the rectangular object
view is compressed to all the direction, its input image of the
area in the diagonal line direction is largely compressed,
because this area is at a longer distance away from the central
point of the image. On the contrary, its image of the area near
in the vertical or horizontal axis line direction is compressed
small, because this area is at a shorter distance away from the
central point of the image. As the result, the rectangular object
view is compressed to a barrel shaped image.

Accordingly, if the area near in the vertical and horizontal
axis line direction of this image is compressed furthermore,
the barrel shaped input image can be compressed to rectan-
gular shaped one. This rectangular image fits well to the form
of the input image plane of the image sensor, and can realize
the reduction of the image area itself.

Conventionally, to get a wide range of variable-power opti-
cal system, the plural number of zoom lenses that have the
different range of focal length has been used, because it is
difficult to cover all the power range with one zoom lens.

But, the zooming range of the invented electronic zoom
image input method can be changed by adding a conventional
attachment fixed focal length lens in front of the compressing
optical system. Accordingly, at the electronic zoom image
input system of this invention, the zoom action of a wider
power range becomes possible by mounting conventional
magnifying or telephoto attachment converter lenses with
fixed focal length, in front of the compressing optical system
of the invention.

The electronic zoom image input system of this invention
is appropriately applied to the 3D zoom image input system,
which has been very difficult to realize by the conventional
zoom lens.

Conventionally, the optical system with two zoom lenses
that are interlocked mechanically for 3D-images of the right
and left view, has been used to realize the 3D zoom image.
Where, these two zoom lenses that are combined mechani-
cally, have to be operated simultaneously and accurately for
synchronized zooming and accompanied focusing. It has
been very complicated and difficult to realize the zoom opera-
tion mechanically.

But, at the electronic zoom image input method of this
invention, both of these 3D image input optical systems of the
right and left view can be realized by fixed focal length optical
systems requiring no zooming and no focusing operations
mechanically.

Furthermore, the zoom action can be easily realized by
interlocking both image input systems of this invention elec-
tronically, because the zoom operation is all done electroni-
cally without including any mechanical action.

THE BRIEF EXPLANATION OF THE
DRAWINGS

FIG. 1 shows the 1st embodiment of the electronic zoom
image input method of this invention.

FIG. 2 shows an example of the optical system that com-
presses the circumferential part of the input image.
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FIG. 3 shows an example of the optical system that com-
presses the circumferential part of the image toward the ver-
tical and horizontal direction that corresponds to the 1 st
embodiment of this invention.

FIG. 4 shows the 2nd embodiment of the electronic zoom
image input method of this invention.

FIG. 5 shows the 3rd embodiment of the electronic zoom
image input system of this invention.

FIG. 6 shows an example of the construction of the
invented electronic zoom image input method.

FIG. 7 explains an image compressing method of the image
compressing optical system that compresses input image in
rectangular, which corresponds to the 3rd embodiment of this
invention.

FIG. 8 shows an example of the embodiment of the com-
pressing optical system explained in FIG. 7, that compresses
the image in rectangular.

SUCH THE BEST MODE THAT WORKS THE
INVENTION

Details of this invention are explained with figures
attached.

FIG. 1 shows the 1st embodiment of the electronic zoom
image input method of this invention. And it shows the prin-
ciple of this method.

It is the case that the compression of the image of its
circumferential part is limited only to the vertical and hori-
zontal direction.

1A shows the object view of the zoom input image. At the
view of 1A, the standard angle view 1AS is settled as the basic
angle of view that provides the standard size and the resolu-
tion of the output image of this zoom system. And the zoom
images of the object view are taken in, as the zoom image
changes to wider angle view, from the intermediate angle
view 1AM to the more wide angle view 1AW that is expected
to have the output image of the same size and resolution to
1AS.

Also, 1B shows the input image at the input image plane of
this image sensor, that is formed a compressed zoom image of
object scene 1A, by passing the compressing optical system
that has the function of compressing the circumferential part
of the image.

In order to preserve these output images to the same size
and resolution to the standard angle view, it is possible to
compress the image area of the circumferential part of the
image that corresponds to the outside part of the standard
angle view. Accordingly, the input image on the input image
plane of the image sensor with uniform pixel density can be
compressed more largely to the vertical and horizontal direc-
tion as it moves to the circumferential part.

Here in FIG. 1, the area surrounded by the wide line 1BS is
the input image corresponding to the standard angle scene
1AS, and also the area surrounded by wide-dotted line 1BM
and that by point-dotted line 1BW are corresponded to the
intermediate angle scene 1AM and the wide angle scene 1AW
respectively.

For example, if the case that the wide angle scene 1AW is
settled 4-times wider in length than the standard angle scene
1AS, the size of the wide angle input image 1BW at the input
image plane of the image sensor is reduced to about 2 times
that of the standard angle input image 1BS in length. It indi-
cates that by the image compression of the invention, a wide
zoom image data 4-times wider in length can be reduced to
about the half of that in length comparing to the case without
the compression, preserving the same image resolution to the
standard angle input image 1BS. And the size of the input
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image plane is reduced to about the half (*2) in length and to
quarter (%/4) in area, comparing to the case that no compres-
sion is applied.

Strictly to say, as the compression power at the inner part of
the 4-times wide angle image becomes gradually low as it
moves toward its central part comparing to that of the circum-
ferential part. As the result the total compression power
decreases slightly. Accordingly, the area of the wide-angle
image increases slightly than 2 times actually.

The corrected output zoom image 1C is finally obtained
from the compressed zoom image, after the processing of the
image conversion and correction. In this case, the corrected
output zoom image 1CS, 1CM, 1CW corresponds to the
object view 1AS, 1AM, 1AW respectively with the same
image resolution.

Comparing to the standard angle input image data, the
wider angle input image data has the same resolution at its
outer edge, and has higher image resolution at its inner part as
it moves to its center. Accordingly, the wide-angle zoom
output image can be realized at the same resolution to the
standard angle image through the image processing of reduc-
ing the image data of its inner part.

Although, comparing to the basic standard angle image,
the resolution of the corrected wide angle output image may
increase or decrease slightly in local depending upon the local
variation of the degree of compression, the increase of the
input image area of the image sensor can be restrained by the
electronic zoom input system of this invention.

FIG. 2 shows an example of the optical system that com-
presses the circumferential part of the input image. It is com-
posed of the concave lens 2L, which has the refraction angle
that increases as the view angle moves to the circumferential
part, as is shown in this figure. Namely, when images of three
objects 21A, 22A, and 23A of the same size are passed
through the concave lens 2L, these images are compressed
largely as the position of the object image moves to the
circumferential part by the compression characteristics of the
lens 2L, as shown 21B, 22B, and 23B respectively.

As the compressing optical system is that of a fixed focal
length, the compressed zoom input image is the fixed image,
including its containing distortion. So, it is possible to obtain
the correct output image, by the accurate converting and
correcting process of the compressed image.

Even if there is some deviation in the degree of compres-
sion of the compressing optical lens of this invention, its
influence is limited to the slight change of the image resolu-
tion. Because, the output image itself is obtained as a cor-
rected one by the reverse conversion of the fixed image com-
pression mode. And its distortion does not relate directly to
the image compression mode itself.

Furthermore, aspherical lenses like this compression lens
can be easily realized by materials such as plastic lenses,
nowadays.

FIG. 3 shows an embodiment of the fixed focal length
compression optical system 3L that compresses the circum-
ferential part of the input image toward the vertical and hori-
zontal direction as explained above. 3L is composed of three
kind oflenses; the conventional fixed focal length convex lens
311 for image focusing the vertical concave cylindrical lens
312 that compresses largely as the part moves to the circum-
ferential part in horizontal direction, and the horizontal con-
cave cylindrical lens 3.3 that compresses like 31.2 in vertical
direction. Needless to say, the optical system 3L can be real-
ized as a single complex function lens like an aspherical lens.

In FIG. 3, the image of the object view 3 A is compressed
through the compressing optical system 3L to the image 3B
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on the input image plane. Where, 3A and 3B correspond
respectively to 1A and 1B of FIG. 1.

Conventionally, Cinema Scope has been well known in
movie that compresses and enlarges the image of the screen in
horizontal direction. The image at Cinema Scope is simply
compressed and enlarged in proportional to horizontal direc-
tion to obtain the enlarged screen. Consequently, it is entirely
different system in purpose and in principle from the elec-
tronic zoom image input method of this invention that realizes
the zoom function through the data processing with non-
linear image compression.

FIG. 4 shows the 2nd embodiment of the invented method.
This is the case that the compressing optical system com-
presses the circumferential part of the input image to all
direction.

This optical system compresses largely at the outer side of
the input image in concentric circle. As the result, the object
view 4A is compressed through this compressing optical
system to the barrel shaped compressed input image 4B. Just
like the case of FIG. 1, the standard angle view 4AS, the
intermediate angle view 4AM, and the wide angle view 4AW
in 1A are compressed to the compressed zoom input image of
4BS, 4BM, and 4BW in 1B respectively.

As this compressed zoom input image is also the fixed
electronic data through the fixed compression optical system,
the accurate image processing of correcting or converting the
compressed zoom input image to the corrected output zoom
image can be easily done. Through the image processing the
output zoom image 4C is obtained. Where the output image of
standard angle view 4CS, the intermediate angle view 4CM,
and the wide angle view 4CW corresponds to the input image
of object view 4AS, 4AM, and 4AW respectively. And these
output images preserve the same image resolution to the
standard view image 4CS.

FIG. 5 shows the 3rd embodiment of the electronic zoom
image input method of this invention. Even in the compressed
zoom input image such as 1B in FIG. 1 or 4B in FIG. 4, there
are areas that contain excessive image data to maintain the
same image resolution at the neighboring area of the vertical
and horizontal center axes of the image that correspond to the
swelled part of the barrel type zoom input image of 4B.

By preparing a compressing optical system that com-
presses the swelled part of the image 4B further more, a
compressed zoom input image that has a rectangular shaped
outline can be realized. Namely, by the image compression
that compresses further at the neighboring area of the vertical
and horizontal center axes 5XV and 5XH of 5A, the object
scene SA is compressed to the compressed zoom input image
5B that has the smaller area than 4B and the rectangle shaped
outline.

And the standard angle view 5AS, the intermediate angle
view 5AM, and the wide angle view SAW of 5A is com-
pressed to the compressed zoom input image 5BS,5BM, and
5BW of 5B respectively.

Furthermore, the output zoom image 5C is obtained
through the image processing where the input image of object
scene SAS,5AM, and SAW are reproduced as the corrected
output zoom image 5CS,5CM, and 5CW respectively. The
electronic zoom image input method of FIG. 5, that preserves
the same zoom image resolution to that of FIG. 1 and FIG. 4,
has been realized with the sensor that has the smaller and
rectangular image input plane.

FIG. 6 shows an example of the constitution of the elec-
tronic zoom image input method of this invention that is
shown in FIG. 5.
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It is also same to that of FIG. 1 and FIG. 4, except the
difference of the compressed zoom input image 5B to that of
1B and 4B by the difference of each compressing optical
system.

The image of the object view 6A is taken in through the
compressing optical system 6L as the compressed zoom input
image 6B atthe input image plane of the image sensor 61. The
image data of the input image 6B is changed to the digital
image signal by the image signal control unit 62.

This digital signal can be reproduced to the original object
view image of any angle, through the image processing of the
conversion from the compressed zoom input image at the
conversion unit 63. These zoom images are taken out from the
output unit 65 as the output image 66 or the output signal.

The output image data that is processed to a fixed angle of
zoom image is stored at the memory unit 64. But the com-
pressed zoom input image data of the input image plane can
also be stored at the memory unit 64 directly. If the image data
is stored as the compressed image data, it become possible to
take out any angle of zoom output image from the compressed
image data with the same image resolution by processing the
stored image data at the memory unit 64.

FIG. 7 explains the method of the image compression to
realize the input image 5B of FIG. 5 compressed in rectan-
gular outline.

At first, the image compressing method of this invention is
explained by a simple example of the compressed inputimage
1B of FIG. 1.

The compressed zoom input image 1B in FIG. 1 that is
compressed only to the vertical and horizontal direction, con-
tains the prolix image data at the neighboring areas of the
vertical and horizontal center axes as largely as it moves to the
outside area. And it is possible to compress these part further-
more, without causing the degradation of the zoom image
resolution.

To simplify the explanation, FIG. 7(a) shows the part of the
compressed zoom input image 1B that corresponds to its 1st
quadrant. In the FIG. 7(a), the area enclosed by the wide line
S1 corresponds to a quarter of the standard angle input image
1BS in FIG. 1. And in the same way, the area enclosed by the
wide line S2 and S4 corresponds to the 2-times wide angle
input image 1MS, and the 4-times wide angle input image
1WS comparing to the standard angle view respectively.

Also, the 3-times wide input image area that is enclosed by
the wide line S3 is shown between S2 and S4 in FIG. 7(a).

For example, when the zoom input image is expanded from
3-times wide angle image to 4-times wide angle image, the
area that is newly expanded at the compressed zoom input
image is that surrounded by S4 and S3. It includes the area on
diagonal line S44, areas arranged to the horizontal direction
S43,542,S41, and areas arranged to the vertical direction
S34,524,514.

The area of S43,842,and S41 is 45 times. 2-times, and 4
times larger comparing to S44 respectively, as it approaches
to the vertical center axis 7XV. As the image sensor is com-
posed of uniform density pixels, the size of the image area is
proportional to that of the image data. And these image area
have more image data in proportional to their area. The image
area described above is arranged S44,543, S42,5S41 in hori-
zontal direction as is shown in FIG. 7(a).

However, the required image data for these image areas
that are necessary to realize the 4-times wide angle zoom
output image are just same to that of standard angle S44. And
it is shown for the each image areas of S43,842,S41, as the
area of oblique line that is equivalent to the area of S44. This
indicates that to maintain the same output image resolution,
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the area of these image area can be reduced to that of S44.
Accordingly, the area of S43,S42,S41 can be reduced to 34,
V4, Ya respectively.

The image area S34,524,S14 that are arranged in vertical
direction to the horizontal center axis 7XH, can be also
reduced by the same way as described above for horizontal
direction.

By the same way as described above about the image areas
of'S4 for 4-times wide angle zoom input image, it is possible
to reduce the size of image areas of S3 for the 3-times wide
angle zoom input image, and also that of S2 for 2-times wide
angle zoom input image respectively.

In FIG. 7(a), areas equivalent to the image data that are
necessary to realize the electronic zoom function with con-
stant image resolution, are shown as the area of oblique line
for the all image areas.

To simplify the explanation of this zoom function, it has
been explained for the case that the zoom power changes in
step in integer such as 2,3,4-times. But, the actual zooming
function is done continuously. And the compression of the
zoom image is also changed continuously. As the compressed
input image of a zoom-power always contains the lower-
power zoom image part in its inner area, the area of the
compressed image actually increases slightly than that
described above.

By taking the continuous change of the zooming power in
calculation, the increase of the area of the zoom input image
plane for the zoom-power N becomes to the natural logarithm
N (InN) in length. And the area increases slightly comparing
to the case explained above that estimated the zoom-power
changes in step.

These factors to increase the area is shown by the dotted
line, and the increased area is also shown by the oblique
lattice line in FIG. 7(a).

As the result, the minimum data area to realize the elec-
tronic zooming with constant resolution is shown in FIG. 7(a)
as the sum of the area of oblique line and the area of oblique
lattice line. The blank area in the image area at FIG. 7(a)
indicates the area that is possible to compress.

The compressed zoom input image that is composed by
these compression is finally shown FIG. 7(b). In FIG. 7(b),
the zoom input image is compressed furthermore for the
blank area that is shown in FIG. 7(a) as the possible area to
compress. And the compressed image area becomes the
rhombic form. Finally, the outline of the compressed zoom
input image is compressed to the rectangular shape.

The compressed zoom image of FIG. 7(b) is that of the 1st
quadrant part. And the image extended to all quadrant is equal
to the compressed zoom input image 5B that is the 3rd
embodiment of the invention.

As is explained in FIG. 4, the compressed zoom input
image of the rectangular object scene becomes the barrel
shaped one when it is compressed to all direction. The com-
pressed zoom input image of the further reduced in rectangu-
lar shaped outline can be obtained by adding the compressing
optical system that compresses the swelled part of the barrel
shaped input image. And the input image is compressed to
rectangular outline as shown in FIG. 5 finally. In this case, to
make the outline of the zoom input image rectangle is very
effective to reduce the area of the image sensor, even if the
compression is insufficient.

FIG. 8 shows a example of the compressing optical system
that realizes the compressed zoom input image 5B of FIG. 5
from the input image 4B of FIG. 4. The action of image
compression is explained for the case of vertical direction at
first. The concave lens optical system BLV that compresses
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the image to vertical direction more largely as it moves to the
center axis 8Xa is introduced to compress the swelled part of
the barrel type input image.

The optical system 8LV is shown in FIG. 8(a). The degree
of the compression of the image becomes maximum at the
vertical center axis 8Xa as is shown at the section 8DX. And
the degree of the compression decreases as it goes away from
the center axis 8Xa as is shown at the section 8DY.

The compressing optical system of FIG. 8(b) is realized by
combining the compressing optical system of vertical direc-
tion 8LV and that of horizontal direction 8L.H together. And
by passing the barrel type compressed zoom input image 8A
through this optical system, the compressed zoom input
image 8B that is equal to the image 5B can be obtained.

If the function of the vertical and horizontal cylindrical
convex lens is added to 81V and 8LH respectively, the output
image from the optical system 8B can be compressed to be
adjusted to the size of image sensor, by compressing the
image to the vertical and horizontal direction freely through
the cylindrical lens.

These optical functions or lenses that compose the optical
system can be combined to a composite lens as a plastic lens.

THE INDUSTRIAL APPLICABILITY

It became possible to realize the simple zoom image by the
electronic zoom image input method of this invention without
degrading the zoom image resolution it does not use the
conventional zoom lens, and provides the simple fixed focus
length lens.

This zooming method of the invention made it possible to
use the simple fixed focal length lens and conventional small
size image sensor with uniform pixel. And the remarkably
small size and low cost zoom image input system that could
not realized hitherto, is materialized by this invention.

Furthermore, it became possible to realize the extremely
small and low cost 3D-camera by combining two electronic
zoom image input system of this invention electronically, that
had been very expensive, large, and complicated one conven-
tionally combining two optical zoom lenses. This invention
made the conventional optical 3D-zoom lens system abso-
lutely unnecessary that needed two optical zoom lenses com-
bined mechanically.

This electronic zoom image input system of the invention
materialized the strong features of small size, low cost, and
the 3D-zoom function to the market.

In the remarkably progressing multi-media era, zoom
imaging system such as the zoom camera has been strongly
required to be more small sized, low cost, and versatile. This
invention realized just to solves these issues that could not
fulfilled hitherto. Accordingly, this invention accomplish the
great contribution to the progress of the coming multi-media
era.

What is claimed is:

1. An electronic zoom [image input method that enables
zooming without degrading the resolution, by] imaging appa-
ratus, comprising:

a fixed focus input image compressing optical system con-

Jfigured to form a compressed [zoom] input image [hav-
ing a function of compressing], the compression of the
input image [more largely as it moves] being a function
of distance to [the] a circumferential part[,] thereof such
that the compression of the input image increases as the
distance to the circumferential part decreases;

an image sensor configured to receive the compressed

[zoom] input image [with reduced input image plane
area providing preferably uniform pixel density,] and [a
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conversion unit for the processing of the zoom image
converting and correcting of] to provide data represent-
ing the compressed [zoom] input image [to reproduce
zoom output images]; and

a conversion unit connected to said image sensor for con-
verting and correcting the data representing the com-
pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.

2. An electronic zoom [image input method that enables
zooming without degrading the resolution, by] imaging appa-
ratus, comprising:

a fixed focus input image compressing optical system con-
Jigured to form a compressed [zoom] imput image, the
compression of the input image [having] being a func-
tion of [compressing the] distance to a circumferential
part, thereof such that the compression of the input
image [in] increases according to a logarithmic func-
tion[,] as the distance to the circumferential part
decreases;

an image sensor configured to receive the compressed
[zoom] input image [with reduced] and to provide data
representing the compressed input image [plane area,];
and a conversion unit [for the processing of the zoom]
connected to said image sensor for converting and cor-
recting [of] the data represemting the compressed
[zoom]input image to [reproduce zoom output images.]
produce output data representing a standard angle
image and wide angle image, a length of the wide angle
image being at least twice a length of the standard angle
image, wherein a resolution of the wide angle image is
higher in a central portion than a resolution of the stan-
dard angle image and the same at an outer edge.

3. An electronic zoom [image input method] imaging
apparatus as claimed in claim 1, [that has a fixed focus input
image compressing optical system where] wherein the com-
pression [of the circumferential part] of the input image is
limited to [the] being a function of distance along a vertical
[end] axis and a function of distance along a horizontal
[direction] axis.

4. An electronic zoom [image input method] imaging
apparatus as claimed in claim 1, [that has an image sensor
with a rectangular input image plane, and a fixed focus input
image compressing optical system with] wherein the com-
pression of the input image is a function of [compressing the
circumferential part of the input image to] distance in all
directions, and said fixed focus input image compressing opti-
cal system is configured to further compress[ing further] the
[neighboring] circumferential part of the input image in
regions neighboring a vertical axis and a horizontal [axes]
axis so that the circumferential part of the input image is
substantially rectangular-shaped.

5. An electronic zoom [image input method] imaging
apparatus as claimed in claim 1, [or claim] 2, [or claim] 3, or
[claim] 4, [where a] wherein said fixed focus input image
compressing optical system [that compresses the circumfer-
ential part of the input image is comprised as] comprises:

a first optical system configured for a non-zoom imaging

apparatus; and

an attachment optical system mounted onto said first opti-
cal system.

6. An electronic zoom [image input method] imaging

apparatus as claimed in claim 1, [or claim] 2, [or claim] 3, or
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[claim] 4, [that has a different zooming range, by mounting]

further comprising: a fixed focus attachment conversion lens
mounted onto [the] said fixed focus input image compressing
optical system to change its [total] combined focal length
thereby changing a zooming range of said electronic zoom
imaging apparatus.

7. A 3D electronic zoom [image input method whose]
imaging apparatus comprising: a right image input optical
system and a left image input optical system[s are organized
by fixed focus input image compressing optical systems of
the]wherein each of said right image input optical system and
said left image input optical system includes an associated
electronic zoom [image input method] imaging apparatus as
claimed in claim 1, [or claim] 2, [or claim] 3, or [claim] 4.

8. An electronic zoom imaging apparatus as claimed in
claim 1, wherein said image sensor has a substantially uni-
form pixel density.

9. An electronic zoom imaging apparatus as claimed in
claim 1, wherein said fixed focus input image compressing
optical system includes a fixed position optical element.

10. An electronic zoom imaging apparatus as claimed in
claim 1, wherein the compression of the input image is a
function of distance such that the compression of the input
image increases from a center part of the input image to the
circumferential part with a continuous gradation.

11. An electronic zoom imaging apparatus as claimed in
claim 1, wherein the compression of the input image is a
function of distance such that the compression of the input
image increases non-linearly as the distance to the circum-
ferential part decreases along a particular divection.

12. An electronic zoom imaging apparatus as claimed in
claim 1, wherein the compression of the input image is a
function of distance such that the compression of the input
image increases non-linearly as the distance to the circum-
ferential part decreases along a first direction and as the
distance to the circumferential part decreases along a second
direction.

13. An electronic zoom imaging method, comprising:

forming a compressed input image using a fixed focus input

image compressing optical system, the compression of
the input image being a function of distance to a civcum-
ferential part thereof such that the compression of the
input image increases as the distance to the civcumfer-
ential part decreases,

receiving the compressed input image and providing data

representing the compressed input image using an
image sensor, and

converting and correcting the data representing the com-

pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.

14. An electronic zoom imaging method as claimed in
claim 13, wherein the compression of the input image is
limited to being a function of distance along a vertical axis
and a function of distance along a horizontal axis.

15. An electronic zoom imaging method as claimed in
claim 13, wherein the compression of the input image is a
function of distance in all directions, and said fixed focus
input image compressing optical system is configured to fur-
ther compress the circumferential part of the input image in
regions neighboring a vertical axis and a horizontal axis so
that the circumferential part of the input image is substan-
tially rectangular-shaped.
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16. An electronic zoom imaging method as claimed in
claim 13, wherein the input image compressing optical sys-
tem includes: a first optical system that is configured for
non-zoom imaging, and an attachment optical system that is
mounted onto the first optical system.

17. An electronic zoom imaging method as claimed in
claim 13, further comprising: changing a focal length by
mounting a fixed focus attachment conversion lens onto the
fixed focus input image compressing optical system, thereby
changing a zooming range provided by said electronic zoom
imaging method.

18. A 3D electronic zoom imaging method comprising:
providing a vight zoom output image, and providing a left
zoom output image, wherein each of said providing steps is
carried out using said electronic zoom imaging method as
claimed in claim 13.

19. An electronic zoom imaging method as claimed in
claim 13, wherein receiving the compressed input image uses
an image sensor having a substantially uniform pixel density.

20. An electronic zoom imaging method as claimed in
claim 13, wherein forming the compressed input image uses a
fixed focus input image compressing optical system that
includes a fixed position optical element.

21. An electronic zoom imaging method as claimed in
claim 13, wherein the compression of the input image is a
function of distance such that the compression of the input
image increases from a center part of the input image to the
circumferential part with a continuous gradation.

22. An electronic zoom imaging method as claimed in
claim 13, wherein the compression of the input image is a
function of distance such that the compression of the input
image increases non-linearly as the distance to the circum-
ferential part decreases along a particular direction.

23. An electronic zoom imaging method as claimed in
claim 13, wherein the compression of the input image is a
function of distance such that the compression of the input
image increases non-linearly as the distance to the circum-
ferential part decreases along a first divection and as the
distance to the circumferential part decreases along a second
direction.

24. An electronic zoom imaging method, comprising:

forming a compressed input image using a fixed focus input

image compressing optical system, the compression of
the input image being a function of distance to a civcum-
ferential part thereof such that the compression of the
input image increases according to a logarithmic func-
tion as the distance to the circumferential part
decreases;

receiving the compressed input image and providing data

representing the compressed input image using an
image sensor; and

converting and correcting the data representing the com-

pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.

25. An electronic zoom imaging apparatus, comprising:

an input image compressing optical system configured to

form a compressed input image, the compression of the
input image being a function of distance from a central
part thereof such that the compression of the input image
increases as the distance from the central part
increases;
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an image sensor configured to receive the compressed
input image and to provide data representing the com-
pressed input image,; and

a conversion unit connected to said image sensor for con-

verting and correcting the data representing the com-
pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.

26. An electronic zoom imaging apparatus as claimed in
claim 25, wherein the compression of the input image is
limited to being a function of the distance from the central
part along a vertical axis and a function of the distance from
the central part along a horizontal axis.

27. An electronic zoom imaging apparatus as claimed in
claim 25, wherein the compression of the input image is a
function of the distance from the central part in all directions,
and said input image compressing optical system is config-
ured to further compress a circumferential part of the input
image in regions neighboring a vertical axis and a horizontal
axis so that the circumferential part of the input image is
substantially rectangular-shaped.

28. An electronic zoom imaging apparatus as claimed in
claim 25, wherein said input image compressing optical sys-
tem is comprised of: a first optical system that is configured
for a non-zoom imaging apparatus, and an attachment opti-
cal system that is mounted onto said first optical system.

29. An electronic zoom imaging apparatus as claimed in
claim 25, further comprising: an attachment conversion lens
that is mounted onto said input image compressing optical
system to change its combined focal length thereby changing
a zooming range of said electronic zoom imaging apparatus.

30. A 3D electronic zoom imaging apparatus comprising:
a right image input optical system and a lefi image input
optical system wherein each of said right image input optical
system and said lefi image input optical system includes an
associated electronic zoom imaging apparatus as claimed in
claim 25.

31. An electronic zoom imaging apparatus as claimed in
claim 25, wherein said image sensor has a substantially uni-
form pixel density.

32. An electronic zoom imaging apparatus as claimed in
claim 25, wherein said input image compressing optical sys-
tem is a fixed focus input image compressing optical system.

33. An electronic zoom imaging apparatus as claimed in
claim 25, wherein the compression of the input image is a
function of the distance from the central part such that the
compression of the input image increases from the central
part to a circumferential part of the input image with a con-
tinuous gradation.

34. An electronic zoom imaging apparatus as claimed in
claim 25, wherein the compression of the input image is a
function of the distance from the central part such that the
compression of the input image increases non-linearly as the
distance from the central part increases along a particular
direction.

35. An electronic zoom imaging apparatus as claimed in
claim 25, wherein the compression of the input image is a
function of the distance from the central part such that the
compression of the input image increases non-linearly as the
distance from the central part increases along a first direction
and as the distance from the central part increases along a
second direction.
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36. An electronic zoom imaging apparatus, comprising:

an input image compressing optical system configured to

form a compressed input image, the compression of the
input image being a function of distance from a central
part thereof such that the compression of the input image
increases according to a logarithmic function as the
distance from the central part increases;

an image sensor configured to receive the compressed

input image and to provide data representing the com-
pressed input image,; and

a conversion unit connected to said image sensor for con-

verting and correcting the data representing the com-
pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.

37. An electronic zoom imaging method, comprising:

forming a compressed input image using an input image

compressing optical system, the compression of the
input image being a function of distance from a central
part thereof such that the compression of the input image
increases as the distance from the central part
increases;

receiving the compressed input image and providing data

representing the compressed input image using an
image sensor; and

converting and correcting the data representing the com-

pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.

38. An electronic zoom imaging method as claimed in
claim 37, wherein the compression of the input image is
limited to being a function of the distance from the central
part along a vertical axis and a function of the distance from
the central part along a horizontal axis.

39. An electronic zoom imaging method as claimed in
claim 37, wherein the compression of the input image is a
function of the distance from the central part in all directions,
and said input image compressing optical system is config-
ured to further compress a circumferential part of the input
image in regions neighboring a vertical axis and a horizontal
axis so that the circumferential part of the input image is
substantially rectangular-shaped.

40. An electronic zoom imaging method as claimed in
claim 37, wherein the input image compressing optical sys-
tem includes: a first optical system that is configured for
non-zoom imaging, and an attachment optical system that is
mounted onto the first optical system.
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41. An electronic zoom imaging method as claimed in
claim 37, further comprising: changing a focal length by
mounting an attachment conversion lens onto the input image
compressing optical system, thereby changing a zooming
range provided by said electronic zoom imaging method.

42. A 3D electronic zoom imaging method comprising:
providing a right zoom output image, and providing a left
zoom output image, wherein each of said providing steps is
carried out using said electronic zoom imaging method as
claimed in claim 37.

43. An electronic zoom imaging method as claimed in
claim 37, wherein said step of receiving the compressed input
image uses an image sensor having a substantially uniform
pixel density.

44. An electronic zoom imaging method as claimed in
claim 37, wherein said step of forming the compressed input
image uses a fixed focus input image compressing optical
system.

45. An electronic zoom imaging method as claimed in
claim 37, wherein the compression of the input image is a
function of the distance from the central part such that the
compression of the input image increases from the central
part to a circumferential part of the input image with a con-
tinuous gradation.

46. An electronic zoom imaging method as claimed in
claim 37, wherein the compression of the input image is a
function of the distance from the central part such that the
compression of the input image increases non-linearly as the
distance from the central part increases along a particular
direction.

47. An electronic zoom imaging method as claimed in
claim 37, wherein the compression of the input image is a
function of the distance from the central part such that the
compression of the input image increases non-linearly as the
distance from the central part increases along a first direction
and as the distance from the central part increases along a
second direction.

48. An electronic zoom imaging method, comprising:

forming a compressed input image using an input image

compressing optical system, the compression of the
input image being a function of distance from a central
part thereof such that the compression of the input image
increases according to a logarithmic function as the
distance from the central part increases;

receiving the compressed input image and providing data

representing the compressed input image using an
image sensor; and

converting and correcting the data representing the com-

pressed input image to produce output data representing
a standard angle image and wide angle image, a length
of the wide angle image being at least twice a length of
the standard angle image, wherein a resolution of the
wide angle image is higher in a central portion than a
resolution of the standard angle image and the same at
an outer edge.



