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The invention relates to a method for capturing and pro-
cessing a digital panoramic image. The method involves
projecting a panorama (1) onto an image sensor (4) by
means of a panoramic objective lens (3) to obtain a raw
image (6). Then, a set (7) of N output images (8) is created
based on the raw image (6). N is greater than or equal to two
and each output image (8) represents a gnomonic projection
of the panorama (1) with a given focal length. The output
images (8) have a common predetermined resolution, the
focal length of the first output image (8.1) has a predeter-
mined focal length value, and the focal length of each other
output image (8.2; 8.3) is shorter than that of the previous
output image (8.1; 8.2). The invention further relates to a
digital panoramic camera system (2), comprising a pan-
oramic objective lens (3), an image sensor (4) and image
processing electronics (5). The image processing electronics
(5) are adapted to perform the method according to the
above description.




Patent Application Publication Jun. 2,2022 Sheet 1 of 3 US 2022/0172318 A1

(XY

Fig. 1




Patent Application Publication Jun. 2,2022 Sheet 2 of 3 US 2022/0172318 A1

Fig. 2




Patent Application Publication Jun. 2,2022 Sheet 3 of 3 US 2022/0172318 A1

i
- o0

e

£
Fig. 3¢

20

8.2

Fig. 3b

8.1

(1Al
£

Fig. 3a




US 2022/0172318 Al

METHOD FOR CAPTURING AND
PROCESSING A DIGITAL PANORAMIC
IMAGE

TECHNICAL FIELD

[0001] The technical field relates to a method for capturing
and processing a digital panoramic image and a digital
panoramic camera system.

BACKGROUND

[0002] Digital panoramic images have a wide range of
applications and may be taken by digital panoramic camera
systems such as, e.g., cameras in vehicles or surveillance
cameras.

[0003] A method for capturing and displaying a variable
resolution digital panoramic image is, e.g., disclosed in the
United States patent application US 2004/0136092 Al. In
said method, a panorama is projected onto an image sensor
by means of a panoramic objective lens. The panoramic
objective lens has an image point distribution function that
is not linear relative to the field angle of object points of the
panorama. In particular, the distribution function has a
maximum divergence of at least £10% compared to a linear
distribution function, such that the panoramic image
obtained has at least one substantially expanded zone and at
least one substantially compressed zone. That way, the
objective lens expands the most useful zones of the image,
which depend on the intended application. The definition is
excellent in said useful zones but mediocre in the zones of
lesser importance.

[0004] However, this method produces a distorted image
and, in particular, straight lines in the panorama do not
appear straight in the image. Straight lines remaining
straight is, however, an important feature for subsequent
image analysis, e.g., for object recognition based on artificial
intelligence.

SUMMARY

[0005] It is an object of the present disclosure to provide
a method for capturing and processing a digital panoramic
image wherein straight lines in the panorama are straight in
the image and the definition is excellent in some zones of the
image.

[0006] The problem is solved by the subject-matter pre-
sented herein. Embodiments are provided by the following
description and the accompanying figures.

[0007] According to a first aspect, a method for capturing
and processing a digital panoramic image is provided. In a
first step of the method, a panorama is projected onto an
image sensor by means of a panoramic objective lens to
obtain a raw image. Said panorama may be any kind of scene
that is of interest for the particular application. For instance,
for cameras in vehicles, the panorama may be the view out
of the windshield or out of the rear window. The panoramic
objective lens may be any kind of wide angle objective lens,
such as a fisheye lens or a wide-angle rectilinear lens. The
panoramic objective lens projects the panorama onto the
image sensor, wherein the image sensor may be any kind of
suitable digital image sensor, e.g., a CCD sensor or a CMOS
sensor.

[0008] In a second step of the method, a set of N output
images is created, based on the raw image obtained in the
first step. The number N is a natural number greater than or
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equal to two, i.e., at least two output images are created
based on the raw image. Each of said output images repre-
sents a gnomonic projection of the panorama with a given
focal length. A gnomonic projection is the projection
obtained by a pinhole camera, i.e., a projection with an
ftan(0) mapping function. Hence, straight lines in the pan-
orama will be straight lines in the output images. The focal
length of the gnomonic projection is defined as the distance
between the pinhole and the image plane.

[0009] The output images have a common predetermined
resolution, i.e., they represent the projection of the panorama
onto an image sensor with the predetermined resolution.
Said resolution is, e.g., a predetermined number of pixels per
length.

[0010] The output images are created such that the focal
length of the first output image has a predetermined focal
length value and the focal length of each other output image
is shorter than that of the previous output image. That is, the
focal length of the second output image is shorter than that
of the first output image, the focal length of the third output
image is shorter than that of the second output image, and so
on.

[0011] Hence, the first output image has the highest reso-
Iution of details in the panorama, i.e., the definition is
excellent in the zones covered by the first output image. The
subsequent images of the set of N output images have
increasingly lower resolution of details in the panorama and
the Nth output image has the lowest resolution of details in
the panorama.

[0012] According to an embodiment, the number N is
between 3 and 7, in particular 4 or 5. Said numbers are a
good match to the physical resolving power of many pan-
oramic objective lenses.

[0013] According to an embodiment, the predetermined
resolution is essentially equal to the resolution of the raw
image. This provides a good confirmability of the output
images compared to the raw image and eases conversions in
the creation of the output images.

[0014] According to an embodiment, the predetermined
focal length value is essentially equal to the focal length of
the panoramic objective lens at the optical axis of the
panoramic objective lens. Together with the predetermined
resolution being essentially equal to the resolution of the raw
image, this provides that the first output image covers all the
details provided by the raw image in the region of the optical
axis of the panoramic objective lens. On the other hand, no
supertluous information is recorded in the first output image
in the region of the optical axis of the panoramic objective
lens. Since panoramic objective lenses usually have their
highest resolving power in the region of the optical axis, this
provides that the first output image covers all the details
provided by the projection of the panorama onto the image
sensor by means of the panoramic objective lens. Resolving
power, in this sense, refers to resolution in a gnomonic
projection. Hence, e.g., a fisheye lens with an f-0 mapping
function has by construction the highest resolving power in
the region of the optical axis. If an extraordinary panoramic
objective lens were to be used that has the highest resolving
power in a region away from its optical axis, the focal length
of the first output image could be adapted such that the first
output image covers all the details provided by the raw
image in said region away from the optical axis with the
highest resolving power.
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[0015] According to an embodiment, the focal length of
each output image other than the first output image is one
half of the focal length of the previous output image. This
enables an easy matching of image points between two
output images of the same set of output images.

[0016] According to an embodiment, the focal length and
dimensions of each output image other than the first output
image are such that the pixel density in an outer area of the
output image is approximately equal to the average pixel
density in the region of the raw image that corresponds to the
outer area of the output image. Dimensions of the output
image are understood as the height and width of the output
image, measured in pixels. Said choice of focal length and
dimensions is particularly reasonable when the resolving
power of the panoramic objective lens decreases with
increasing distance from the optical axis, such as, e.g., for
the fisheye lens with the -0 mapping function. Then, the
choice of focal length and dimensions ensures that there is
only little loss of information, i.e. of details captured by the
image sensor, when the output images are created. On the
other hand, there is only little superfluous information
recorded in the output images. Superfluous information
refers to, e.g., pixels that are obtained from interpolation but
do not actually comprise additional details.

[0017] The loss of information and the recording of super-
fluous information are, of course, counteractive. That is, if,
e.g., for a given focal length, larger dimensions of the output
image are chosen, there is less loss of information but more
recording of superfluous information, and vice versa. Such
balancing between loss of information and recording of
superfluous information can be controlled by the choice of
the outer area: if the outer area is very close to the area
corresponding to the previous output image, there will be
little loss of information and if, on the other hand, the outer
area is very close to the corners of the output image, there
will be little recording of superfluous information.

[0018] According to an embodiment, the output images
have the same dimension, in particular the same dimension
as the raw image. This choice eases the management of the
output images.

[0019] According to an embodiment, creating the output
images, except for the first output image, comprises down-
sampling the previous output image by a factor of the focal
length of the previous output image divided by the focal
length of the current output image and assigning the down-
sampled result to the corresponding area of the current
output image. Hence, the usually computationally intensive
conversion of the raw image to a gnomonic projection has to
be performed only once per area of the raw image. As an
example, the first output image is created first. For the first
output image, there is no previous output image that could
be downsampled, hence the conversion of the raw image to
the gnomonic projection has to be performed for the full first
output image. For the second output image, the first output
image is downsampled, which is computationally fast, and
the downsampled result is assigned to the corresponding
area of the second output image. Only for the remaining
area, which does not correspond to the area of the first output
image, the computationally intensive conversion of the raw
image has to a gnomonic projection has to be performed.
[0020] According to an embodiment, creating the output
images comprises, at least for those areas to which no
downsampled results have been assigned, a step of comput-
ing unnormalized coordinates corresponding to coordinates
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of the output image. In particular, the unnormalized coor-
dinates account for the location of the principal point with
respect to the origin of the output image. Such computation
of the unnormalized coordinates may be performed, e.g.,
with the inverse of a pinhole camera matrix. The creation of
the output images further comprises a step of computing the
projection of the unnormalized coordinates onto the raw
image via a lens function. That is, the location in the raw
image that corresponds to the unnormalized coordinates is
determined. Finally, to create the output image, color values
are obtained for the pixel at the coordinates of the output
image from the pixels at the projected unnormalized coor-
dinates of the raw image. In the case of a grayscale image,
the color values are just the luminance values. Said creation
of the output images avoids the use of an inverse of the lens
function and is therefore computationally fast.

[0021] According to an embodiment, the lens function is
determined from raw images of a predetermined chart taken
by the actual lens. Said determination of the lens function
involves matching of points of the predetermined chart to
pixels of the raw image that correspond to the points of the
predetermined chart. In one example, the lens function is
determined by fitting a few parameters of a given lens
function model. By determining the lens function from raw
images taken by the actual lens, both sample-to-sample
variations in the panoramic objective lenses and variations
in the mounting of the panoramic objective lenses are
accounted for.

[0022] According to an embodiment, the set of output
images is saved to a nonvolatile memory. Hence, the output
images may be inspected and/or analyzed at a later point in
time.

[0023] According to an embodiment, one of the output
images out of the set of output images is displayed on a
display and the output image to be displayed is chosen based
on a zoom level selected by a user. In particular, the user
may zoom discretely to one output image out of the set of
output images. Since all the output images have already been
created, zooming to one particular output image does not
involve any additional computational effort.

[0024] According to an embodiment, the set of output
images is accessed by an object recognition unit. Since in
many cases, the object recognition units rely on straight lines
in the panorama being straight in the image, the gnomonic
projection underlying the output images is ideal for those
object recognition units. In particular, the object recognition
unit starts object recognition on the last output image out of
the set of output images, i.e., on the output image with the
largest field of view. If the object recognition unit detects an
object of potential interest, it looks for a higher resolution
image of said object in the former output images. Also, when
the object recognition unit has finished analyzing the last
output image, it analyzes the previous output images that
show more details, albeit with a smaller field of view.

[0025] According to another aspect, a digital panoramic
camera system is provided, comprising a panoramic objec-
tive lens, an image sensor and image processing electronics.
The panoramic objective lens may be any kind of wide angle
objective lens, such as a fisheye lens or a wide-angle
rectilinear lens. The panoramic objective lens projects a
panorama onto the image sensor, wherein the image sensor
may be any kind of suitable digital image sensor, e.g., a CCD
sensor or a CMOS sensor. The image processing electronics
are adapted to perform the method according to the above
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description. In particular, a raw image is processed to obtain
a set of N output images, wherein each output image
represents a gnomonic projection of the panorama, i.e.,
straight lines in the panorama are straight in the output
images. Further, the first output image out of the set of
output images has a high resolution of details in the pan-
orama, i.e., the definition is excellent in the zones covered by
the first output image.

[0026] According to yet another aspect, a vehicle is pro-
vided comprising a digital panoramic camera system accord-
ing to the above description.

[0027] These and other aspects will become apparent from
and elucidated with reference to the embodiments described
hereinafter.

BRIEF DESCRIPTION OF DRAWINGS

[0028] Exemplary embodiments of will be described in the
following with reference to the following drawings:

[0029] FIG. 1 shows a panorama and a digital panoramic
camera system,

[0030] FIG. 2 shows a raw image and

[0031] FIGS. 3a-3¢ show a set of output images.

[0032] The figures are merely schematic representations

and serve only to illustrate embodiments. Identical or
equivalent elements are in principle provided with the same
reference signs.

DESCRIPTION OF EMBODIMENTS

[0033] FIG. 1 shows a panorama 1, which is depicted as a
house and a car, but may in principle be any kind of
panorama 1 of interest. FIG. 1 further shows a digital
panoramic camera system 2, comprising a panoramic objec-
tive lens 3, and image sensor 4 and image processing
electronics 5.

[0034] The panoramic objective lens 3 may be any kind of
wide angle objective lens, such as a fisheye lens or a
wide-angle rectilinear lens. The image sensor 4 may be any
kind of suitable digital image sensor, e.g., a CCD sensor or
a CMOS sensor. The panoramic objective lens 3 and the
image sensor 4 are arranged such that the panorama 1 is
projected by the panoramic objective lens 3 onto the image
sensor 4. Said image sensor 4 is connected to the image
processing electronics 5, wherein the image processing
electronics 5 may, e.g., be an on-board chip of the panoramic
camera system 2 or a separate processor.

[0035] FIG. 2 shows a raw image 6 of the panorama 1, as
directly obtained from the image sensor 4 of the panoramic
camera system 2. Objects at the center of the raw image 6,
here the car, show lots of detail and almost no distortion.
Objects towards outer areas of the raw image 6, here the
house, however, show little detail and a lot of distortion.
Said distortion is particularly disadvantageous for automatic
object recognition which relies in many cases on straight
lines in the nature being straight on the image.

[0036] FIGS. 3a-3¢ show a set 7 of three output images 8
created by the image processing electronics 5 based on the
raw image 6.

[0037] FIG. 3a shows the first output image 8.1 which has
a resolution equal to the resolution of the raw image 6 and
a focal length (corresponding to a pinhole camera) equal to
the focal length of the panoramic objective lens 3. Hence,
the first output image 8.1 shows the same amount of detail
as the raw image 6. However, due to the first output image
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8.1 being a gnomonic projection of the panorama 1, outer
areas of the raw image 6 are not covered by the first output
image 8.1.
[0038] The first output image 8.1 has been created based
on the raw image 6 by computing unnormalized coordinates
corresponding to the coordinates of each pixel of the first
output image 8.1. Then, using a lens function corresponding
to the panoramic objective lens 3, said unnormalized coor-
dinates have been projected onto the raw image 6 and the
color values for the pixel at the coordinates of the first output
image 8.1 has been obtained from the pixels at the projected
unnormalized coordinates of the raw image 6.
[0039] FIG. 35 shows the second output image 8.2 which
has a resolution equal to the resolutions of the raw image 6
and the first output image 8.1 and a focal length equal to one
half of the focal length of the first output image 8.1. In
creating the second output image 8.2, the first output image
8.1 is sampled down by a factor of two and said down-
sampled first output image 8.1 is assigned to the central area
of'the second output image 8.2. The outer areas of the second
output image 8.2 are then created similarly to the method
described for the creation of the first output image 8.1
[0040] FIG. 3¢ shows the third output image 8.3 which has
a resolution equal to the resolutions of the raw image 6, first
output image 8.1 and second output image 8.2 and a focal
length equal to one half of the focal length of the second
output image 8.2. The creation of the third output image 8.3
is similar to the creation of the second output image 8.2, as
described above. The third output image 8.3 shows details
from the edges of the raw image 6, here the house. Those
details are undistorted and hence accessible to object rec-
ognition units that rely on straight lines being straight.
[0041] The set 7 of output images 8 covers the field of
view given by the raw image 6, provides a gnomonic
projection of the panorama 1, has an excellent definition
(corresponding to the definition of the panoramic camera
system 2) in the central region and takes up only a reason-
able amount of memory.
[0042] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from the study of the
drawings, the disclosure, and the appended claims. In the
claims the word “comprising” does not exclude other ele-
ments or steps and the indefinite article “a” or “an” does not
exclude a plurality. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used
to advantage. Any reference signs in the claims should not
be construed as limiting the scope of the claims.
1. A method for capturing and processing a digital pan-
oramic image, said method comprising:
projecting a panorama onto an image sensor with a
panoramic objective lens to obtain a raw image; and
creating a set of N output images based on the raw image,
wherein
N is greater than or equal to two,
each output image represents a gnomonic projection of
the panorama with a given focal length,
the output images have a common predetermined reso-
lution,
the focal length of the first output image has a prede-
termined focal length value, and
the focal length of each other output image is shorter
than that of the previous output image.
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2. Method according to claim 1, wherein the number N is
between 3 and 7.
3. Method according to claim 1, wherein the predeter-
mined resolution is essentially equal to the resolution of the
raw image.
4. Method according to claim 1, wherein the predeter-
mined focal length value is essentially equal to the focal
length of the panoramic objective lens at the optical axis of
the panoramic objective lens.
5. Method according to claim 1, wherein the focal length
of each output image other than the first output image is one
half of the focal length of the previous output image.
6. Method according to claim 1, wherein the focal length
and dimensions of each output image other than the first
output image are such that the pixel density in an outer area
of the output image is approximately equal to the average
pixel density in the region of the raw image that corresponds
to the outer area of the output image.
7. Method according to claim 1, wherein the output
images have the same dimension, in particular the same
dimension as the raw image.
8. Method according to claim 1, wherein creating the
output images, except for the first output image, comprises
downsampling the previous output image by a factor of
the focal length of the previous output image divided
by the focal length of the current output image, and

assigning the downsampled result to the corresponding
area of the current output image.

9. Method according to claim 14, wherein creating the
output images comprises,

computing unnormalized coordinates corresponding to

coordinates of the output image,

computing the projection of the unnormalized coordinates

onto the raw image via a lens function, and

obtaining color values for the pixel at the coordinates of

the output image from the pixels at the projected
unnormalized coordinates of the raw image.

10. Method according to claim 9, wherein the lens func-
tion is determined from raw images of a predetermined chart
taken by the actual lens.

11. Method according to claim 1, wherein the set of output
images is saved to a nonvolatile memory.

12. Method according to claim 1, wherein one of the
output images out of the set of output images is displayed on

Jun. 2, 2022

a display and the output image to be displayed is chosen
based on a zoom level selected by a user.

13. Method according to claim 1, wherein the set of output
images is accessed by an object recognition unit, and the
object recognition unit starts object recognition on the last
output image out of the set of output images.

14. A digital panoramic camera system (2), comprising:

a panoramic objective lens,

an image sensor and

image processing electronics, wherein

the image processing electronics are adapted to

project a panorama onto the image sensor with the
panoramic objective lens to obtain a raw image, and
create a set of N output images based on the raw image,
wherein
N is greater than or equal to two,
each output image represents a gnomonic projection
of the panorama with a given focal length,
the output images have a common predetermined
resolution,
the focal length of the first output image has a
predetermined focal length value, and
the focal length of each other output image is shorter
than that of the previous output image.

15. Vehicle comprising a digital panoramic camera sys-
tem including:

a panoramic objective lens,

an image sensor; and

image processing electronics, wherein

the image processing electronics are adapted to

project a panorama onto the image sensor with the
panoramic objective lens to obtain a raw image, and
create a set of N output images based on the raw image,
wherein
N is greater than or equal to two,
each output image represents a gnomonic projection
of the panorama with a given focal length,
the output images have a common predetermined
resolution,
the focal length of the first output image has a
predetermined focal length value, and

the focal length of each other output image is shorter than

that of the previous output image.
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