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WIDE ANGLE ELECTRONIC CAMERA WITH
IMPROVED PERIPHERAL VISION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from provisional patent
application 60/553,186, titled “Wide Angle Electronic Cam-
era with Improved Peripheral Vision,” filed on Mar. 15, 2004,
which is hereby incorporated by reference.

Other applications which relate to the present application,
and which are hereby incorporated by reference include:

U.S. Application Ser. No. 60/467,808, entitled “Wide-

Angle Motion Camera with Electronic PTZ.”

U.S. Application Ser. No. 60/467,705, entitled “Correction

of Optical Distortion by Image Processing.”
U.S. Application Ser. No. 60/467,588, entitled “Multiple
View Processing in Wide-Angle Video Camera.”

U.S. Application Ser. No. 60/467,643, entitled “Multiple
Object Processing in Wide-Angle Video Camera.”

U.S. Application Ser. No. 60/467,644, entitled “Method of
Simultaneously Displaying Multiple View for Video
Surveillance.”

FIELD OF THE INVENTION

The present inventions relate generally to wide angle opti-
cal systems, and more specifically to a video or still camera
system with various image processing that improves periph-
eral resolution.

BACKGROUND AND SUMMARY OF THE
INVENTION

There are many applications for wide angle imaging sys-
tems, including “fish eye” lenses or other distorted view
imaging systems. For example, wide angle imaging has many
applications in security and surveillance, such as close circuit
surveillance of property or other monitoring.

When the video camera is used with a conventional fish eye
lens, e.g., one with a field of view of 180 degrees, the image
output by the camera (and projected onto an electronic imag-
ing device) is distorted, usually circular. The field of view of
a camera with a fish eye lens is illustrated in FIG. 1.

FIG. 1 shows a camera 100 with wide angle lens system
(such as a 180 degrees fisheye lens). Camera 100 view is
broken down into two types of region, including main areas of
interest 102 and central region 104. Because of the distortion
introduced by the wide angle lens system of camera 100, the
main areas of interest 102 are typically warped and occupy
the periphery of any optical image output by camera 100. This
distortion is typically circular for a circular imaging system,
but can be of other shapes, depending on the lens system
implemented.

Cameras such as that depicted in FIG. 1 often output an
optical signal which is projected or otherwise input to an
electronic sensor, such as (but not limited to) a charge-
coupled display (hereinafter “CCD”) or complementary
metal-oxide semiconductor (hereinafter “CMOS”) sensor
system. Sensors used in a video camera are generally rectan-
gular, so part of the sensor’s photo-sensitive area is wasted
since it is not illuminated by the circular image projected onto
its surface. Alternatively, depending on the projection scheme
used, the optical signal may be projected so as to cover most
or all of the sensor area, but this results in lost information
from the optical signal. These cases are illustrated in FIGS.
2A and 2B.
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FIG. 2A shows a system wherein an optical signal is pro-
jected onto an image sensor. In this example, most of the area
of the sensor 200 is occupied by the lens image circle 202
(though some of the image sensor 200 is not occupied and is
thus wasted sensor region 208). In this example, in order to
maximize the main region of interest 204 on the sensor 200,
some of the lens image 202 is lost, as depicted by lost image
region 210. Central region 206 is also shown, and typically
comprises the least distorted region of the output optical
signal. Main region of interest 204 typically includes more
distortion, depending on the lens system used to gather the
image.

FIG. 2B shows another situation, wherein the entire lens
image circle 202 is projected within the boundaries of image
sensor 200. This situation results in a greater wasted sensor
region 208 and also requires the region of interest 204 and
central region 206 to occupy a smaller area of the sensor 200,
meaning the optical image covers fewer detectors or pixels,
and thus has lower resolution.

Often, the peripheral region of the field of view is the
desired area for surveillance applications that require visibil-
ity of a panorama. This corresponds, for example, with
regions of interest 204. Because the region of interest may be
on the periphery of the total captured image, and because the
image was captured with a lens system that introduces greater
distortion on the periphery (such as the case with a fisheye
lens system or other wide-angle lens system), the region of
interest may include high amounts of distortion while cover-
ing a relatively small area of the available image sensor
region. This results in an inefficient use of the sensor region,
lower resolution in the areas of interest, and higher resolution
in areas that are of lower interest.

Wide Angle Electronic Camera with Improved Peripheral
Vision

The present invention, in one example embodiment, pro-
vides a system and method for improving the peripheral
imaging of a distorted optical image.

For example, one embodiment relates to the design of a
video or still camera with a novel optical system and an
electronic image processing system. The optical system cap-
tures the image and distorts it such that regions of interest are
expanded as they are projected onto a sensor. The electronic
image processor then eliminates the distortion by applying a
substantially opposite distortion compared with the distortion
introduced by some or all of the optical system.

In preferred embodiments, the present innovations are
applied to increase resolution of regions of interest, and/or to
improve the fit of a non-rectangular image to a rectangular
image sensor, for example. Of course, these innovations, as
described below, can be used in other shaped optical and
sensor implementations.

The increase in resolution provides capability to magnify
(by increasing resolution of) one or more regions of interest,
while trading off resolution in one or more regions outside the
region(s) of interest.

The disclosed innovations, in various embodiments, pro-
vide one or more of at least the following advantages:

improved resolution in regions of interest;

magnification capability for regions of interest beyond nor-

mal magnification capability;

more efficient use of sensor area;

capture of all or a greater percentage of a whole image

while improving resolution in a specific region or
regions.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed inventions will be described with reference
to the accompanying drawings, which show important
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sample embodiments of the invention and which are incorpo-
rated in the specification hereof by reference, wherein:

FIG. 1 shows a camera with 180 degree viewing angle.

FIGS. 2A and 2B show the projection of circular images
onto square sensors.

FIG. 3 shows a circular image without peripheral magni-
fication.

FIG. 4 shows magnification of peripheral regions of an
image consistent with a preferred embodiment of the present
innovations.

FIG. 5 shows an example view of regular patterned object
with conventional circular image fish eye lens.

FIG. 6 shows an example of deformation showing magni-
fication of peripheral regions consistent with a preferred
embodiment of the present innovations.

FIG. 7 shows ellipsoidal distortion consistent with a pre-
ferred embodiment of the present innovations.

FIG. 8 shows more radical distortion consistent with a
preferred embodiment of the present innovations.

FIG. 9 shows a system consistent with implementing pre-
ferred embodiments of the present innovations.

FIG. 10 shows a flowchart with process steps consistent
with implementing preferred embodiments of the present
innovations.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The numerous innovative teachings of the present applica-
tion will be described with particular reference to the pres-
ently preferred embodiment (by way of example, and not of
limitation).

In various embodiments, the present innovations include a
system for capturing an image, introducing predetermined
first distortion into the captured image so as to alter the shape
and/or magnify one or more regions of interest when pro-
jected onto a sensor, and a system for introducing second
distortion to cancel the first distortion.

In preferred embodiments, the present innovations include
an optical imaging system for capturing wide angle images
and introducing predetermined first distortion into the cap-
tured image so as to alter the shape and/or magnify one or
more regions of interest when projected onto a sensor, and an
electronic system for introducing second distortion to cancel
the first distortion.

In one example embodiment, the present innovations
include a novel optical lens and/or mirror system it introduce
optical distortion to a region or regions of interest within a
wide field of view in order to increase resolution and/or to
reshape the image. The resolution of fine detail within the
region or regions of interest is increased, since the distortion
causes the optical image to impinge upon a larger area of an
electronic imaging device, such as a CCD or CMOS sensor. In
preferred embodiments, the overall field of view is substan-
tially maintained. The geometric distortion introduced by the
novel optical system is preferably later removed or trans-
formed to a different set of distorted but human viewable
image forms by electronic processing of the electronic image,
using methods such as those disclosed in U.S. provisional
patent application No. 60/467,705, “Correction of Optical
Distortion by Image Processing,” or using transformation
methods such as those disclosed in U.S. Pat. No. 6,323,862 by
Ford Oxaal, which are hereby incorporated by reference. A
plurality of transformations may be applied to a part or total
distorted image produced by the optical system to produce a
plurality of human viewable image forms. Such transforma-
tions may include perspective corrected projections, circular
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or cylindrical projections for a given field of view. The plu-
rality of images may be produced in multi-window image
format. It is noted that other means of distortion and distortion
transformation are also applicable and within the contempla-
tion of the present innovations.

In preferred embodiments of the present inventions, there
are two categories of distortion that are introduced, either
singly or in combination. They are symmetric distortion, such
as radial distortion, and asymmetric distortion, such as ellip-
soidal or other asymmetric distortion. The types of distortion
described herein are only examples, and serve to describe the
broader concepts of the present innovations.

FIGS. 3 and 4 show how radial distortion affects a circular
image. FIG. 3 shows a circular image, such as that which
might be captured by a fish eye lens. Region 302 is a periph-
eral region, and in this example is the region of interest.
Region 304 is the central region. The length of the arrows
indicates the degree to which the region of interest 302 cov-
ers, for example, a sensor region 300 on which the optical
image is projected. Radial distortion, as depicted here, can be
introduced, for example, by a parabolic mirror. Other means
of introducing symmetric distortion are also within the con-
templation of the present innovations.

FIG. 4 shows the same circular image with symmetric, in
this case radial, distortion added. In this example, the radial
distortion magnifies the region of interest 402 while demag-
nifying the central region 404.

In these examples, the image of FIG. 4 effectively magni-
fies the region of interest 402 relative to that same region in
FIG. 3, namely region 302. Region 402 covers a larger area of
a sensor region 400, and thus has greater resolution. Mean-
while, resolution in central region 302, or 402, has been
decreased. Thus, by introducing radial distortion, the region
of interest is magnified or increased in resolution, while the
central region has been demagnified or decreased in resolu-
tion. It is noted that, in this example, the total field of view is
substantially maintained.

FIG. 5 shows an image projected onto the electronic image
sensor viewing a regular patterned scene by a conventional
fish eye lens, which emphasizes the central portion of the
scene. The novel optical system described herein introduces a
projection distortion illustrated in FIG. 6 which magnifies the
required main area of interest (in this example, the periphery).
By projecting the main area of interest onto a larger propor-
tion of the electronic image sensor, a higher resolution image
of the main area of interest is obtained.

This type of distortion spreads the region of interest over a
greater number of sensor photo-sites, which results in greater
accuracy of the captured image where required, and lower
accuracy of the captured image in areas of lesser interest.
Though the periphery is used as an example area of interest in
this example description, other areas could also be used.

Asymmetric distortion can also be introduced into the cap-
tured image. In such a case, the novel optical system is pref-
erably designed to project a non-circular image onto the elec-
tronic imaging sensor in order to illuminate a larger part, or
substantially all, of the area of the sensor which would oth-
erwise be unilluminated by a conventional circular image,
and/or to capture part of the image which would be projected
outside the region of the sensor.

For example, referring back to FIG. 2A, itis noted that part
of'the projected image is lost because it falls outside the area
of' the electronic sensor 200. Alternately, in FIG. 2B, though
all the image is within the bounds of the sensor 200, there are
large unused regions 208 of the sensor 200. Neither case is
optimal, and both cases are eftectively addressed by imple-
menting the present innovations.
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By implementing asymmetric distortion via the optical
system of the present innovations, the innovative system
projects a non-circular image onto the rectangular area of the
electronic sensor or imaging device. The projection can be
ellipsoidal or similarly shaped as illustrated in FIG. 7. In this
figure, image sensor 700 is rectangular, and what was previ-
ously (prior to introducing distortion) a circular image is now
distorted into an ellipsoidal image projection 702. Main area
of interest 704 is likewise distorted, being part of the same
image. It is noted that, in this example, the region of interest
704 can be magnified (as previously described) if the system
is designed to perform such a function. The present innova-
tions include both types of distortion, implemented singly or
in combination. It is useful to combine both types of distor-
tion to result in increases of the total image resolution and
greater increase in resolution of regions of interest. In pre-
ferred embodiments of both cases, it is noted, distortion intro-
duced (preferably by the optical system) is corrected (prefer-
ably by electronic image processing).

FIG. 8 shows even greater amounts of asymmetric distor-
tion. In this example, image sensor 800 is nearly completely
covered by the extremely distorted lens image projection 802,
including area of interest 804.

FIG. 9 shows an example system consistent with imple-
menting a preferred embodiment of the present innovations.
In this example system 900, a system 902 (preferably an
optical system) captures and distorts an image, and the dis-
torted image is projected on (or otherwise sent to) an elec-
tronic sensor, such as a CCD or CMOS sensor 904. The
resulting electronic image is then transferred to section 906
(preferably electronic image processing circuitry, but which
could be implemented as complex optical processing system)
which transforms the image in such a way as to reduce or
substantially eliminate the distortion introduced by optical
system 902.

Wide angle camera image processing circuitry should nor-
mally include other capabilities, such as conventional capa-
bilities commonly found in digital photography and video
cameras. For example, an image correction pipeline can
include debayering, exposure correction, gamma correction,
white balance, color correction, sharpening, image filtering,
and other manipulation known in the art. the system can also
include remote (or local) inputs to select fields of view, for
example. In other implementations, such as gamma correc-
tion and some image filtering, may be performed after image
dewarping.

FIG. 10 shows a simple process flow consistent with imple-
menting a preferred embodiment of the present innovations.
First the image is received at the optical system (step 1002).
The image is distorted by the optical system (step 1004),
resulting in an altered image. In preferred embodiments, the
image is distorted so as to increase resolution of regions of
interest, to modify the overall shape of the image to more
closely correspond to the shape of the sensor, or both. Next,
the image is projected onto the sensor and converted into an
electronic image (step 1006). This electronic image is con-
veyed to image processing circuitry (step 1008) which cor-
rects the distortion added by the optical system (step 1010). In
preferred embodiments, the image processing circuitry is also
capable of other functions, such as debayering, color correc-
tion, exposure correction, sharpening, filtering, etc. The final
image can be output and made available as an analog signal or
a digital signal. Other types of correction can be accom-
plished at this stage as well, such as perspective correction
and projections such as cylindrical projections, spherical pro-
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jections, etc. The US patent to Ford Oxaal, U.S. Pat. No.
6,323,862 is informative in this area, and is hereby incorpo-
rated by reference.

According to a disclosed class of innovative embodiments,
there is provided: A wide-angle video camera capable of high
resolution peripheral vision comprising a) a wide-angle opti-
cal system which performs radial distortion to magnify the
peripheral area ofthe view, b) an image sensor and circuitry to
convert the output of said lens to electrical signals suitable for
use by an image processing circuit, ¢) said image processing
circuit capable of correcting optical distortions introduced by
said wide angle optical system.

According to a disclosed class of innovative embodiments,
there is provided: A wide-angle video camera capable of high
resolution peripheral vision comprising: a) a wide-angle opti-
cal system that projects an image onto an image sensor and
circuitry to convert the output of said lens to electrical signals
suitable for use by an image processing circuit, b) said optical
system to introduce asymmetric distortion to form a non-
circular image on said sensor, ¢) said image processing circuit
capable of transforming including but not limited to perspec-
tive correcting optical distortions introduced by said wide
angle optical system.

According to a disclosed class of innovative embodiments,
there is provided: A method of improving peripheral resolu-
tion of a captured image, comprising the steps of: receiving an
image at a wide angle image capture system, which intro-
duces a first distortion to the image; simultaneously introduc-
ing a second distortion to the image; conveying the image to
an image sensor, which outputs a signal; conveying the signal
to image processing circuitry which substantially transforms
the distortions to a human viewable form.

Modifications and Variations

As will be recognized by those skilled in the art, the inno-
vative concepts described in the present application can be
modified and varied over a tremendous range of applications,
and accordingly the scope of patented subject matter is not
limited by any of the specific exemplary teachings given.

Additional general background, which helps to show varia-
tions and implementations, may be found in the following
publications, all of which are hereby incorporated by refer-
ence:

None of the description in the present application should be
read as implying that any particular element, step, or function
is an essential element which must be included in the claim
scope: THE SCOPE OF PATENTED SUBJECT MATTER IS
DEFINED ONLY BY THE ALLOWED CLAIMS. More-
over, none of these claims are intended to invoke paragraph
six 0f 35 USC section 112 unless the exact words “means for”
are followed by a participle.

What is claimed is:

1. A wide-angle video camera capable of high resolution

peripheral vision comprising:

a) a wide-angle optical system which performs radial dis-
tortion to provide a distorted non-rectilinear image of a
view, in which a peripheral annulus of the image is
magnified, and a central area of the image is demagni-
fied, as compared with a fisheye or similar lens with
similar field of view and image size;

b) an image sensor which receives said image and converts
it to electrical signals suitable for use by an image pro-
cessing circuit;

¢) said image processing circuit transforming the optical
distortions introduced by said wide-angle optical system
to correct the optical distortions and accordingly output
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a human viewable image with greater resolution in
peripheral regions of interest.

2. The device of claim 1 in which a conventional lens and
a specially manufactured parabolic mirror is used to achieve
said radial distortion.

3. The device of claim 1 in which said wide-angle camera
is a still picture camera.

4. The device of claim 1, wherein said distortion distorts
the projected image into substantially the same shape as a
non-circular image sensor.

5. The device of claim 1, wherein the distortion modifies
the projected image to substantially fit within a defined border
of a non-circular image sensor.

6. A wide-angle video camera capable of high resolution
peripheral vision comprising:

a) a wide-angle optical system that projects a distorted
non-rectilinear image onto a non-circular image sensor,
which converts said non-circular image into electrical
signals suitable for use by an image processing circuit;

b) said optical system introducing radially asymmetric dis-
tortion to project a non-circular image onto said non-
circular sensor, said distortion modifying the image of a
view to thereby improve the fit of the projected image to
the sensor;

¢) said image processing circuit transforming optical dis-
tortions introduced by said wide angle optical system
output a human recognizable image with a greater pro-
portion ofthe sensor area utilized than if a circular image
were projected.

7. The device of claim 6 in which a conventional lens and

a specially manufactured parabolic mirror is used to achieve
said radial distortion.

8. The device of claim 6 in which said wide-angle camera
is a still picture camera.

9. The device of clam 6, further comprising: a wide-angle
optical system which performs combination of radial and
asymmetric distortion to magnify the peripheral area of the
view.

10. The device of claim 9 in which a combination of a
conventional lens and specially manufactured parabolic mir-
rors is used to achieve said distortion.

11. The device of claim 9 in which said wide-angle camera
is a still camera.
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12. A method of improving peripheral resolution of a cap-
tured image, comprising the steps of:

receiving an image at a wide-angle image capture system,

which introduces a first distortion to the image so as to
project a substantially hemispherical field of view onto a
non-circular image sensor;

simultaneously introducing a second distortion to the

image, said second distortion modifying the image pro-
jection onto the image sensor to increase total image
resolution with a greater increase in image resolution for
at least one selected region of interest, and projecting a
greater proportion of said image corresponding to the
said selected region of interest onto a greater portion of
area on said sensor;

conveying the image to the image sensor, which outputs a

signal;

conveying the signal to image processing circuitry which

transforms both the first and second distortions into a
human recognizable image output.

13. The method of claim 12, wherein the wide-angle image
capture system is an optical system including a special form
of fisheye lens.

14. The method of claim 12, wherein the second distortion
is a radial distortion to magnify one or more regions of inter-
est.

15. The method of claim 14, wherein the one or more
regions of interest comprise a peripheral view.

16. The method of claim 12, wherein the second distortion
is an asymmetric distortion to project a non-circular image.

17. The method of claim 12, wherein the second distortion
includes both a radial distortion to magnify one of more
regions of interest and an asymmetric distortion to project a
non-circular image.

18. The method of claim 17, wherein the one or more
regions of interest comprise a peripheral region.

19. The method of claim 12, wherein the first distortion
warps the substantially hemisphere view into a non-circular
projection onto the non-circular image sensor.

20. The method of claim 12, wherein the second distortion
warps the view into a non-circular projection corresponding
to the shape of the sensor to better fit upon the non-circular
image sensor.

GoPro Ex. 2004 Page 11 of 11





