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and a processor for analyzing image data of the first camera to select a region of
interest (ROI) in a scene and for configuring the first image sensor so that the
selected RO is captured in full resolution. In some examples, a mobile device
further comprises a second camera having a second FOV (FOV») and including
a second image sensor configured to capture FOV,, wherein the analysis of
image data to select a ROI is performed by analysing image data of the second
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SYSTEMS AND METHODS FOR ZOOM DIGITAL CAMERA WITH AUTOMATIC
ADJUSTABLE ZOOM FIELD OF VIEW

CROSS REFERENCE TO RELATED APPLICATIONS

This application is related to and claims priority from US provisional patent application

No. 63/395,362 filed August 5, 2022, which is incorporated herein by reference in its entirety.

FIELD

Embodiments disclosed herein relate in general to digital cameras and in particular to

slim zoom digital cameras included in mobile devices.

BACKGROUND

Multi-aperture cameras (or multi-cameras) are standard in modern mobile handheld
electronic devices (or simply “mobile devices”) such as smartphones, headsets for augmented
reality (AR) or virtual reality (VR), tablets and laptops. A multi-camera usually comprises a
wide field-of-view (FOV) or wide angle camera (“Wide” or “W” camera with a FOVw), and
one or more additional cameras, either with a narrower FOV than FOVw (“Telephoto” or
“Tele” or “T” camera, with a FOVT) or with a wider FOV than FOVw (“Ultra-Wide” or “UW”
camera with a FOVuw).

A multi-camera is beneficial for capturing a particular FOV segment of a scene with a
maximum spatial resolution (or “pixel resolution”). For example, a first very wide FOV
segment of a scene may be captured with the UW camera in a UW camera resolution. A second
FOV segment (narrower than the first FOV segment) of a scene may be captured with the W
camera in a W camera resolution. Assuming a same image sensor size in both the W and the
UW camera (or a smaller image sensor size in the UW camera), a same FOV segment included
in both the first FOV segment and the second FOV segment is captured by the W camera with
higher spatial resolution. Thus, the W camera achieves a zoom effect when compared to the
UW camera. Accordingly, the following approach (henceforth “multi-camera maximum
resolution capturing”) is used to capture a particular desired FOV segment with maximum
spatial resolution: (1) one selects the particular camera out of the multi-cameras that has a

narrowest FOV but that still is sufficiently wide to include the entire desired FOV segment; (2)
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one points the selected particular camera’s FOV center towards the scene so that the desired
FOV segment is included; or (3) one captures the desired FOV segment with the selected
particular camera. In the following, we may use the terms “FOV segment” and “sensor
segment” interchangeably. We note that hereby is referred to a particular FOV segment that is
imaged by a lens of a camera onto a particular sensor segment. In general, the lens has a fixed
(or “constant”) EFL, so that the particular sensor segment is unambiguously defined the
particular FOV segment and vice versa. In a zoom camera having a changeable EFL to provide
several zoom states, the terms “FOV segment” and “sensor segment” may refer to one
particular zoom state out of the several zoom states.

Recently, the spatial resolution of image sensors included in multi-cameras has
increased significantly, reaching 200 megapixel (MP) in 2022. In general, image sensors that
have a resolution of about 30MP or more are configured to perform “pixel binning” as known
in the art. Such image sensors are referred to herein as “binning sensors”. Pixel binning is a
technique where multiple adjacent or “neighbouring” (smaller) pixels on an image sensor are
combined (or “binned”, “grouped”, or “merged”) to work together as one (larger) pixel.

FIG. 1A shows a pixel assembly 100 of an image sensor that includes four pixels
numbered 1- 4 in a first configuration. The four pixels capture scene information independently
from each other. That is, when capturing an image, each of the four pixels 1- 4 provides a
different pixel value. We refer to this configuration as “higher pixel resolution mode”
("HRM”). As each single pixel is captured (or “read out”), we may refer to this configuration
also as “full pixel resolution mode”.

FIG. 1B shows pixel assembly 100 in a second configuration. The four pixels are
combined (or “binned”) into one pixel and do not capture scene information independently
from each other. That is, when capturing an image, the four combined pixels together provide
one pixel value. We refer to such a configuration as “binning mode” or “lowest pixel resolution
mode”. Specifically, we refer to the second configuration that combines 4 pixel into one pixel
as “4-binning”. In 4-binning, a binning sensor can be switched between two different pixel
resolution modes, a lowest pixel resolution mode and one HRM. In other examples, nine pixels
may be combined into one pixel (“9-binning”).

FIG. 1C shows another pixel assembly 150 of an image sensor that includes 16 pixels
numbered 1 — 16 in a first HRM. The 16 pixels capture scene information independently from
each other. It is referred to the first HRM as “Higher HRM”. The higher HRM corresponds to
a “full pixel resolution mode”.

FIG. 1D shows pixel assembly 150 in a second HRM. Pixels 1 — 4, pixels 5 — 8, pixels
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9 — 12 and pixels 13 — 16 are combined into one pixel respectively. Combined pixels 1 — 4 do
not capture scene information independently from each other, but pixels 1 — 4 together capture
scene information independent from combined pixels 5 — 8, combined pixels 9 — 12 and
combined pixels 13 — 16. It is referred to the second HRM as “Lower HRM”.

FIG. 1E shows pixel assembly 150 in a lowest pixel resolution (or binning) mode. All

16 pixels are combined into one pixel and do not capture scene information independently from
each other. Specifically, we refer to the lowest pixel resolution mode as “16-binning”. In
general a 16-binning sensor can be switched between three different pixel resolution modes, a
lowest pixel resolution mode, a lower HRM and a higher HRM.
In general, a pixel assembly 100 or a pixel assembly 150 of a binning sensor is covered by a
single color filter. That is, all pixels included in pixel assembly 100 and pixel assembly 150
respectively are operational to receive light of a specific color (i.e. light of a particular
wavelength range). For example, pixel assembly 100 or pixel assembly 150 may be covered by
a Red color filter (“R”), by a Green color filter (“G”) or by a Blue color filter (“B”). In some
examples, pixel assembly 100 or pixel assembly 150 may not be covered by a color filter, so
that all pixel included in the pixel assembly are operational to receive light from all
wavelengths that reach the image sensor. To the pixel in such a pixel assembly is referred to as
“White” or “W” pixel or “Clear” or “C” pixel. In general, four pixel assemblies such as pixel
assembly 100 or pixel assembly 150 form together a smallest pixel unit (or “building block™)
of a binning sensor, specifically of its color filter array (“CFA”). The four pixel assemblies
have two or more different color filter respectively. A typical CFA is “RGB” or “Bayer CFA”,
“RGBC”, “RCCB” etc.. For an RGB image captured with a Bayer CFA, “remosaicing” as
known in the art is performed to obtain an output image where each pixel has a pixel value for
each of R, G and B. For example with reference to FIG. 1A, after remosaicing each of the 4
pixels has a pixel value for each of R, G and B. Overall, the 4 pixels have 12 different pixel
values. With reference to FIG. 1B, after remosaicing the one pixels has a pixel value for each
of R, G and B. Overall, the one pixel has 3 different pixel values.

When performing pixel binning, the pixel (or “spatial”) resolution of a binning sensor
isreduced. For example, in 4-binning (FIG. 1B), a pixel resolution in the lowest pixel resolution
mode is 1/4 of a pixel resolution obtained in the HRM (FIG. 1A). In 9-binning, a pixel
resolution in the lowest pixel resolution mode is 1/9 of a pixel resolution obtained in the HRM.
In 16-binning (FIG. 1E), a pixel resolution in the lowest pixel resolution mode is 1/16 of a pixel
resolution obtained in the higher HRM (FIG. 1C) and 1/4 of a pixel resolution obtained in the
lower HRM (FIG. 1D). A binning sensor operational to perform 4-binning, 9-binning or 16-
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binning is referred to as 4-binning sensor, 9-binning sensor or 16-binning sensor respectively.

On the other hand, by switching from the lowest pixel resolution mode to a HRM, a
zoom effect is achieved: A same camera FOV segment is captured (or “imaged”) by a larger
number of pixels. For example, a zoom effect of 2x is achieved when switching a 4-binning
sensor from the lowest pixel resolution mode to the HRM. For example, an object may be
captured with a camera located at an object-lens-distance (“u”) away from the object. The
object is captured in the following resolution: Res (mm) = Pixel size(um) x u(m)/EFL(mm).
Thus, by switching from the lowest pixel resolution mode to the HRM, a 2x increase in
resolution is obtained.

There is need and it would be beneficial to use a binning sensor in a mobile device for
zooming into FOV segments by configuring the binning sensor. Systems and methods for

zooming into FOV segments by configuring the binning sensor are disclosed herein.

SUMMARY

In various example embodiments, there is provided a mobile device, comprising a first
camera having a first camera field-of-view (FOV1) and including a first image sensor
configured to operate a first segment of the first image sensor in a full resolution-mode for
capturing full resolution image data and to operate a second segment of the first image sensor
in a binning resolution mode for capturing binning resolution image data; and a processor for
analyzing image data of the first camera to select a region of interest (ROI) in a scene and for
configuring the first image sensor so that the selected ROI is captured in full resolution.

In some examples, any segment of the first image sensor can be operated in full
resolution mode or in binning mode.

In some examples, the first image sensor is configured to operate the first segment of
the first image sensor in a full resolution mode for capturing full resolution image data and to
not operate the second segment of the first image sensor.

In some examples, the mobile device has a front surface including a screen and a rear
surface, wherein the first camera is included in the rear surface.

In some examples, the mobile device is configured to perform single-camera maximum
resolution capturing.

In some examples, the first camera captures FOV1 in binning resolution to generate
binning resolution image data of FOV1, wherein the analysis of image data of the first camera

is performed by analysing the binning resolution image data of FOV1.
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In some examples, the mobile device further comprises a second camera having a
second FOV (FOV2) and including a second image sensor configured to capture FOV2, wherein
the analysis of image data to select a ROI is performed by analysing image data of the second
camera.

In some examples, the mobile device is operational to perform dual-camera maximum
resolution capturing. In some such examples, the mobile device has a front surface including a
screen and a rear surface, wherein the first camera and the second camera are included in the
rear surface of the mobile device.

In some examples, the capturing of the full resolution image data and the binning
resolution image data are performed autonomously.

In some examples, the binning resolution is lower by a factor of 4 than the full
resolution.

In some examples, the binning resolution is lower by a factor of 9 than the full
resolution.

In some examples, the binning resolution is lower by a factor of 16 than the full
resolution.

In some examples, the processor is configured to pin the ROI captured in full resolution
into a second image captured in binning resolution. In some examples, the ROI is selected
according to aesthetic criteria. In some examples, the ROI is selected so that it includes a
tracked human entirely. In some examples, the ROI is selected to include only a face of a
tracked human.

In some examples, the mobile device is operational to perform autoframing.

In some examples, the mobile device is operational to generate a foveated video stream.

In some examples, the mobile device is operational to generate a smartshot. In some
examples, the smartshot is a personalized smartshot. In some examples, the smartshot is a video
smartshot.

In some examples, the mobile device is operational to generate a smart panorama.

In some examples, the mobile device is operational to generate a super-image.

In some examples, the mobile device is operational to generate a panning image.

In some examples, the mobile device is a smartphone. In some examples, the mobile

device is a tablet.



10

15

20

25

30

WO 2024/028811 PCT/IB2023/057878

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting examples of embodiments disclosed herein are described below with
reference to figures attached hereto that are listed following this paragraph. The drawings and
descriptions are meant to illuminate and clarify embodiments disclosed herein and should not
be considered limiting in any way. Like elements in different drawings may be indicated by
like numerals. Elements in the drawings are not necessarily drawn to scale. In the drawings:

FIG. 1A shows a pixel assembly of a known image sensor in high resolution mode;

FIG. 1B shows the pixel assembly of FIG. 1A in lowest resolution mode;

FIG. 1C shows another pixel assembly of a known image sensor in a first high resolution
mode;

FIG. 1D shows the pixel assembly of FIG. 1C in a second high resolution mode;

FIG. 1E shows the pixel assembly of FIG. 1C in a lowest resolution mode;

FIG. 2 shows a camera field-of-view as captured by an image sensor.

FIG. 3A shows steps of a single-camera method for maximum resolution capturing
disclosed herein;

FIG. 3B shows a first example of a binning sensor configuration disclosed herein;

FIG. 3C shows a second example of a binning sensor configuration disclosed herein;

FIG. 3D shows a third example of a binning sensor configuration disclosed herein;

FIG. 3E shows steps of a dual-camera method for maximum resolution capturing
disclosed herein;

FIG. 3F shows a screen disclosed herein which is operational to conveniently present a
user with information required to select one or more ROIs;

FIG. 4 shows schematically an embodiment of a mobile device configured to perform
methods disclosed herein,;

FIG. 5A shows schematically a mobile device configured to perform single-camera
maximum resolution capturing) disclosed herein;

FIG. 5B shows schematically a mobile device configured to perform dual-camera

maximum resolution capturing disclosed herein.

DETAILED DESCRIPTION

FIG. 2 illustrates an example of a FOV 200 of a single camera (not shown) captured by

a binning sensor as disclosed herein. The binning sensor may be configured to perform pixel



10

15

20

25

30

WO 2024/028811 PCT/IB2023/057878

binning to switch between a lowest pixel resolution mode and one or more higher pixel
resolution modes ("HRMs”). For each pixel assembly included in a binning sensor, a particular
configuration defines whether a pixel assembly is operated in a lowest pixel resolution mode
or in one of the HRMs. The single camera is configured so that FOV 200 coincides with an
image sensor area of the binning sensor, so that the terms “FOV” and “sensor segment” can be
used interchangeably. FOV 200 includes a first sensor segment ("segment 1”) 202. The binning
sensor is configured to switch to a binning configuration so that first sensor segment 202
operates in one of the one or more HRMs so that first sensor segment 202 is captured in a
“higher” pixel resolution. Optionally, FOV 200 includes also a second sensor segment
("segment 2”) 204. Second sensor segment 204 is operational in a lower pixel resolution than
first sensor segment 202. This means that image data having two different pixel resolutions is
generated. For this, the binning sensor switches to a binning configuration so that second sensor
segment 204 operates in a lowest pixel resolution (binning) mode or in another one of the one
or more HRMs, the another one of the one or more HRMs having a lower pixel resolution than
the one of the one or more HRMs first sensor segment 202 is operated in. Output images of
first sensor segment 202 and second sensor segment 204 respectively may be read out and
transferred to a processor simultaneously or sequentially, i.e. as a single frame or as two
sequential frames. For output images and a video stream of output images, this is referred to as
“dual resolution images” and “dual resolution video stream” respectively. For example,
referring to FIGS. 1A-B, second sensor segment 204 may operate in the lowest pixel resolution
mode, whereas first sensor segment 202 may operate in the HRM. Referring to FIGS. 1C-E, in
a first configuration, second sensor segment 204 may operate in the lowest pixel resolution
mode first sensor segment 202 may operate in the higher HRM or it may operate in the lower
HRM, whereas. In a second configuration, first sensor segment 202 may operate in the higher
HRM, whereas second sensor segment 204 may operate in the lower HRM. In FIG. 2, second
sensor segment 204 is shown so that it may cover entire FOV 200 or it may cover any image
sensor area that is not included in first sensor segment 202.

Referring to a location (or “position”) of first sensor segment 202 within FOV 200, we
note that first sensor segment 202 is shown at a center position within FOV 200. In other
examples, first sensor segment 202 may not be located at a center position, but at another
location within FOV 200, as indicated by the arrows. Overall, first sensor segment 202 is
“movable” (or “operational to scan”) within a “zoom area” 206 of FOV 200. To clarify, first
sensor segment 202 may be moveable so that it is entirely included within zoom area 206. In

other words, first sensor segment 202 may not overlap with any sensor segment not included



10

15

20

25

30

WO 2024/028811 PCT/IB2023/057878

in zoom area 206. A center of zoom area 206 may be identical with a center of FOV 200, as
shown. Zoom area 206 may be rectangular, or it may be circular. In FIG. 2, an areal size of
zoom area 206 is smaller than an area of FOV 200 by about a factor 2. In other examples, zoom
area 206 may be 1.5 times smaller than an area of FOV 200, or it may be 2 times, or 3 times or
even 4 or 5 times smaller than an area of FOV 200. In yet other examples, zoom area 206 may
cover entire FOV 200, so that first segment 202 can be located at any position within FOV 200.
To clarify, the binning sensor is operational to switch any image sensor segment included in
zoom area 206 between a lowest pixel resolution mode and one or more HRMs. The single
camera may be configured to capture images (or video streams of images) in different pixel
resolution modes sequentially or simultaneously. For example, the single camera may be
configured to only capture an image or a video stream of images of second sensor segment 204
in the lowest pixel resolution, these being referred to as “lowest pixel resolution image” and
“lowest pixel resolution video stream” respectively. The single camera may also be configured
to only capture an image or a video stream of images of first sensor segment 202 in higher pixel
resolution, referred to as “higher pixel resolution image” and “higher pixel resolution video
stream” respectively. In some of these examples for capturing an image of first sensor segment
202 in higher pixel resolution, image signal processing ("ISP”) may be performed so that an
image quality is maximized for first sensor segment 202. In some of these examples for
capturing a video stream of images of first sensor segment 202 in higher pixel resolution, ISP
may be performed so that an image quality or an image setting is relatively similar (or uniform)
between consecutive images in the video stream of images.

An image setting may e.g. be a brightness, a dynamic range etc. In some examples, not
just one sensor segment such as first sensor segment 202 may be operated in a HRM to provide
a higher pixel resolution image, but more than one (e.g. 2 or 3 or even more) different sensor
segments may be simultaneously operated to provide higher pixel resolution images (see FIGS.
3C-D). In other words, not just one segment such as first sensor segment 202 may be included
in zoom area 206, but a plurality of segments. The segments may be located anywhere within
zoom area 206, and may or may not overlap with each other. In some of these examples,
different segments out of the plurality of segments may be captured in different HRMs. This
means that image data having three or more different pixel resolutions is generated. In some
examples, ISP may be performed so that an image quality or an image setting is relatively
similar between the image data having three or more different pixel resolutions. In some
examples, a size of first sensor segment 202 may be constant (or fixed). In other examples, a

size of first sensor segment 202 may be variable. For example, the size of first sensor segment
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202 may be changed according to a size of a ROI (defined below), or the size may be changed
according to a user command. For example, a user may request a particular FOV within FOV
200 to be captured in higher pixel resolution, or the user may request a particular pixel
resolution, and a sensor segment may be selected accordingly. In some examples where a
particular pixel count is requested alongside a variable size of first sensor segment 202, an
image may be down-sampled according to a size of first sensor segment 202 so that the
particular pixel count is obtained in an output image. It is noted that the down-sampling
technique is beneficial for providing a user an appearance (or a feeling) of a continuous zoom-
in action, although the switching between a lowest pixel resolution mode and one or more

HRMs is discrete.

Definition of “pixel resolution”

When referring to a pixel resolution herein, it is referred to a density of pixel per FOV
(or per sensor area). For example, two images are captured in a same pixel resolution, if a same
FOV segment is imaged by a same number of pixels. Capturing a first image in a higher pixel
resolution than a second image means that in the first image a particular FOV segment imaged
by one particular pixel is smaller than in the second image. In fact, this means that a pixel

resolution is independent of a size of a captured FOV.

Definition of “pixel count”

When referring to a pixel count herein, it is referred to a number (or “absolute number”)
of pixels included in a captured output image. For example, two output images have a same
pixel count if both output images include a same number of pixels. A first output image having
a higher pixel count than a second output image may be captured using a lower pixel resolution
or using a higher pixel resolution compared to a second output image. For example and with
reference to a 4-binning sensor (FIGS. 1A-B), a first output image having FOV1 may be
captured in the lowest pixel resolution mode, and a second output image having FOV2 may be
captured in the HRM. In case FOV1 > 4x FOV>, a pixel count in the first output image is higher
than a pixel count in the second image, although the first output image is captured with a lower

pixel resolution.

Definition of “Full sensor pixel resolution”

When referring to a full sensor pixel resolution herein, it is referred to a pixel count of

an output image including an entire camera FOV such as FOV 200. This means that an image
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sensor operated with a particular full sensor pixel resolution can provide an output image with
a pixel count that is equal to or smaller than its particular full sensor pixel resolution. In other
words, a particular full sensor pixel resolution does not change if an image sensor is cropped,
i.e. not all pixels are operated.

For example, a 4-binning sensor operated in the HRM may have a full sensor pixel
resolution of SOMP. In this configuration, the 4-binning sensor is operational to provide output
images having a pixel count of SOMP when an entire camera FOV is captured. When the 4-
binning sensor captures a FOV being e.g. only a quarter of size compared to an entire camera
FOV, an output image having a pixel count of 12.5MP is obtained. The same 4-binning sensor
operated in the lowest pixel resolution mode has a full sensor pixel resolution of 12.5MP. In
this configuration, the 4-binning sensor is operational to provide output images having a pixel
count of 12.5MP when an entire camera FOV is captured. When the 4-binning sensor captures
a FOV being only a quarter of size compared to an entire camera FOV, an output image having
a pixel count of about 3.1MP is obtained.

As discussed, a 4-binning sensor and a 16-binning sensor are operational to switch
between two and three different pixel resolution modes respectively. In other examples, 36
pixels may be combined into one pixel (“36-binning”). In yet other examples, even more pixels
may be combined into one pixel. A 36-binning sensor may be operational to switch between
four different pixel resolution modes respectively. A zoom effect of 2x, 3x, 4x and 6x is
achieved when switching from 4-binning, 9-binning, 16-binning and 36-binning to full
resolution respectively.

Table 1 shows examples of different binning states and associated pixel resolutions.
The examples may be exemplarily for mobile devices such as smartphones.

“Lowest Res mode” gives a resolution range of a lowest pixel resolution mode in
MP. In general, a typical pixel resolution of a lowest pixel resolution mode is 12MP
or 12.5MP.
- “Res 17 gives a resolution range of a lower HRM (16-binning) or of a lowest HRM
(36-binning) in MP.

- “Res2” gives a resolution range of a higher HRM (16-binning) or of an intermediate
HRM (36-binning) in MP.

- “Res 3” gives a resolution range of a highest HRM (36-binning) in MP.

- “Notation 1” to “notation 3” refers to notation used for the respective HRM herein.

10
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Binning | #HRMS | Lowest HRM

type Res mode | Res 1 Notation 1 | Res 2 Notation 2 Res 3 Notation 3

4 1 11-13 45-55 | Higher

9 1 11-13 95 - 120 | Higher

16 2 11-13 45-55 | Lower 180 - 220 | Higher

36 3 11-13 45-55 | Lowest 95-120 | Intermediate | 350 - 450 | Highest
Table 1

For example, a 16-binning sensor operated in the higher HRM may have a full sensor
pixel resolution of 200MP. In a first step, 4-binning may be performed, so that 16-binning
sensor is operated in the lower HRM and a full sensor pixel resolution is reduced to SOMP by
the binning. A video stream may be recorded at 8k resolution (or pixel count). In an additional
second step, another 4-binning may be performed, so that 16-binning is performed and the 16-
binning sensor is operated in the lowest pixel resolution mode with the full sensor pixel
resolution is reduced to 12.5MP by the binning. A video stream may be recorded at 4k
resolution.

For example, a 36-binning sensor operated in the highest HRM may have a full sensor
pixel resolution of 440MP. The highest HRM corresponds to a full pixel resolution mode. In a
first step, 4-binning may be performed, so that 36-binning sensor is operated in the intermediate
HRM and a full sensor pixel resolution is reduced to 110MP by the binning. A video stream
may be recorded at 8k resolution. In a second step, 9-binning may be performed, so that 36-
binning sensor is operated in the lowest pixel resolution mode and a full sensor pixel resolution
is further reduced to 12.2MP by the binning. A video stream may be recorded at 4k resolution.
In another (or “alternative”) first step, 9-binning may be performed, so that 36-binning sensor
is operated in the lowest HRM a full sensor pixel resolution is reduced to 48 9MP by the
binning. A video stream may be recorded at 8k resolution. In another second step, 4-binning
may be performed, so that 36-binning sensor is operated in the lowest pixel resolution mode
and a full sensor pixel resolution is further reduced to 12.2MP by the binning. A video stream
may be recorded at 4k resolution.

For the sake of simplicity, in the following for the most cases we refer to a “binary”
option for pixel resolution only, i.e. we differentiate only between a “lower pixel resolution”
and a “higher pixel resolution”. This means that with reference to above example, to a full
sensor pixel resolution of 200MP may be referred to as “higher pixel resolution, to a full

sensor pixel resolution of 12.5MP may be referred to as “lower pixel resolution. An
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intermediate full sensor pixel resolution of SOMP is referred to as “higher pixel resolution” in
a first example when a transition to (or from) a lower full sensor pixel resolution (12.5MP) is
discussed, and it may be referred to as “lower pixel resolution” in a second example when a
transition to (or from) a higher full sensor pixel resolution (200MP) is discussed. A full sensor
pixel resolution of 200MP is referred to as “higher pixel resolution” or as “highest pixel
resolution”. A full sensor pixel resolution of SOMP is referred to as “lower pixel resolution” or
as “intermediate resolution” or as “higher pixel resolution”. A full sensor pixel resolution of
12.5MP is referred to as “lower pixel resolution” or as “lowest pixel resolution®.

As an example for a binning sensor configurable to switch between four different
binning modes, a 36-binning sensor may have a full sensor pixel resolution of e.g. 440MP in
the highest HRM. The sensor may be configured to perform 4-binning so that a full sensor
pixel resolution of 110MP is achieved. The sensor may in addition be configured to perform
9-binning so that a full sensor pixel resolution of 48.9MP is achieved. The sensor may in
addition be configured to perform 36-binning so that a full sensor pixel resolution of 12.2MP
is achieved.

It is noted that herein, when discussing an area of an image sensor, it is referred only to
an optically active area (or simply “active area”) of the image sensor. In other words, areas of
the image sensor that do not contribute to harvest photons are not considered. These image
sensor areas may be required for providing an electrical connection to the image sensor, to
allow mechanical integration of the image sensor into a camera etc.. Specifically, FOV 200
represents an entire image sensor area of the binning sensor.

Changing the location of first sensor segment 202 within zoom area 206, or in other
words, “moving” or “scanning” first sensor segment 202 within zoom area 206, is beneficial
in many scenarios. This for example when there is a “data communication bandwidth
constraint”, referring to a particular pixel count that can be supported (or “output”) per unit
time. This creates a trade-off between a maximum pixel resolution and a maximum video frame
rate. This is a common constraint in mobile devices such as smartphones, which have a finite
data communication bandwidth between an image sensor and a processor, or a “de-facto” upper
limit in terms of power consumption. Therefore, a user must often decide whether to capture a
scene in a high pixel resolution or in a high frame rate, not both at once. However, in many
scenes the user may not necessarily desire or need to capture the entire FOV, but only a
particular FOV segment (smaller than the entire FOV). In such scenes and if a first sensor
segment 202 can be moved (or scanned) according to a location or even according to a

movement of a ROI (defined below), the user is still able to at least capture the particular FOV
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segment with both higher pixel resolution and high frame rate. Such a particular FOV segment
may include a particular object that is of especially high interest to the user. The particular
FOV segment is then referred to as “ROI”. To capture a ROI with both higher pixel resolution
and high frame rate, first sensor segment 202 may be scanned so that it includes the ROI, while
second sensor segment 204 may be captured in a lower pixel resolution or it may not be
captured at all. Compared to a scenario in which entire FOV 200 is captured in higher pixel
resolution, here output images with a lower pixel count are obtained. The lower pixel count per
output image may allow to capture the ROI in higher pixel resolution and high frame rate
despite the data communication bandwidth constraint. In some examples, several ROIs may be
captured in high resolution and high frame rate simultaneously.

Moving or scanning first sensor segment 202 can be beneficial also in computer vision
tasks, such as for detecting and/or monitoring (or “tracking”) objects or FOV segments
continuously. This for example, where particular objects or scenarios require the analysis of
video streams with higher pixel resolution images and a particular minimum frame rate, but
where a processor is data communication bandwidth constraint. In example scenarios where it
suffices to analyze only one or more ROIs within an entire camera FOV, and, in addition, where
a first sensor segment 202 can be moved so that it includes these ROIs, one can still perform
the computer vision task. This by capturing the one or more ROIs with higher pixel resolution
and with the particular minimum frame rate or higher, while capturing all other sensor segments
(or the entire FOV) in lower pixel resolution or not capturing it at all. Such scenarios can be
found in mobile applications, automotive applications, security applications, industrial
applications etc.

In some examples, higher pixel resolution images and lower pixel resolution images may
be captured at a different frame rate. For example, the higher pixel resolution images may be
captured faster (i.e. at a higher frame rate) than the lower pixel resolution images, or vice versa.

In some examples, an output image or a video stream of output images of first sensor
segment 202 is output (e.g. to a user or for to a processor for ISP) at a variable (or changing)
pixel count. For example, a pixel count may scale (or change) according to an areal size (or
“area”)” of first sensor segment 202. In some examples, the scaling between an area of first
sensor segment 202 and the pixel count may be linear, i.e. when first sensor segment 202
increases by a particular percentage, also the pixel count may increase by that same percentage.
In other examples, an output image or a video stream of images of first sensor segment 202
may be output at one or more fixed (or constant) particular pixel counts. For example, an output

image may be up-sampled or down-sampled according to a size of first sensor segment 202, so
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that a particular pixel count is achieved. For example, a particular pixel count for stills
photography may be about 12MP, i.e. it may be in the range of 11MP — 13MP, or it may be
around S0MP, i.e. it may be in the range of 48MP - 52MP. A particular pixel count for video
photography may be around 33MP for “8k video”, i.e. it may be in the range of 32MP — 34MP,
or it may be around 8MP for “4k video”, i.e. it may be in the range of 7MP — O9MP, or it may
be around 2MP for “2k video”, i.e. it may be in the range of 1.5MP — 2.5MP. In video
photography, each frame (or single output image) of a video stream has the said particular pixel
count. A frame rate of the video stream may be in the range of 5 frames per second (“fps”) and
500 fps. Typically, a video frame rate may be in the range of 15fps to 120 fps, especially 30
fps and 60fps.

It is noted that compared to the lowest pixel resolution (binning) mode, in a HRM an
areal size (or “area”) of a single pixel is reduced. The area reduction of a single smaller pixel
in HRM compared to a bigger combined pixel in the lowest pixel resolution mode is according
to a number of pixel combined in the respective lowest pixel resolution mode. In 4-binning,
the area reduction is x4, in 9-binning it is 9%, in 16-binning it is up to 16x and in 36-binning it
is up to 36x. The area reduction causes a reduction in terms of an amount of light that enters
(or “is harvested by”) a single smaller pixel, e.g. given by a number of photons that enter the
single smaller pixel per unit time. The light reduction of a single smaller pixel scales according
to the pixel area of the single smaller pixel. Therefore, in some scenarios scene properties such
as brightness may be considered when configuring a binning sensor.

FIG. 3A shows steps of an embodiment of a method for maximum resolution capturing
disclosed herein and numbered 300. Method 300 may be performed in a mobile device such as
mobile device 400 (FIG. 4) or 500 (FIG. 5A) that includes at least one camera having a binning
sensor and a processor such as an application processor (“AP”) 430. This is referred to as
“single-camera maximum resolution capturing”.

In step 302, a user points the mobile device towards a scene, i.e. the user “targets” a
scene. The camera captures image data, e.g. a continuous stream of images (or “video stream”)
or a single image. In general, in step 302 the binning sensor captures second sensor segment
204 in a lower pixel resolution mode such as e.g. the lowest pixel resolution mode, so that we
refer to the captured image data as “lower resolution image data”. In some examples, the mobile
device may capture additional information such as audio data, position data, acceleration data
or device orientation data of an inertial measurement unit (IMU), etc. In other examples, the
mobile device may capture additional information that can be used to infer a desire (or

intention) of a user, for example a particular location that the user touched on a touchscreen, a
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voice command transmitted by the user, a face expression of the user, an eye gaze of the user,
etc.

In step 304, the processor is configured to analyze the lower resolution image data of the
scene to provide (or “obtain”) scene information. Examples for such scene analysis include
detection of objects, calculation of a saliency map, detection of faces, detection of object
motion, etc. In some examples, the processor may use the additional information captured in
step 302 for analyzing the scene. For example, audio data or directional audio data may be used
to detect objects.

In step 306, the processor is configured to prioritize the scene information of step 304
and to select one or more ROIs. For prioritization, methods known in the art such as “saliency
detection”, “face recognition” or “aesthetic framing” may be used. In some examples, the
additional information may be used for prioritization. In other examples, a user may select one
or more ROIs, e.g. by providing an audio command or a touch command on a touchscreen (see
FIG. 3F). In yet other examples, image data available on the mobile device such as an image
gallery of a particular user may be used for prioritizing, so that a taste (or “preference”) of a
particular user is satisfied (“personalized prioritization”). Examples for personalized
prioritization may include prioritizing often captured persons, often captured objects, or often
captured object classes. In yet other examples, image data used for prioritization such as
popular or especially aesthetic image compositions may be retrieved from the Internet. In yet
other examples, audio data may be used for prioritization. For example, when detecting a
particular audio signal such as a voice of a particular person, or of a particular type of animal,
or a sound of a particular musical instrument, a ROI may be selected that includes image data
of the particular person, type of animal or musical instrument. In some examples, audio data
may be used to guide (or “direct”) image processing methods. For example, when detecting a
particular audio signal such as a voice of a particular person, or a sound of a particular musical
instrument, an image processing method may be configured to prioritize a detection of this
particular person or this particular musical instrument. In step 308, the processor is configured
to configure the camera and in particular the binning sensor so that the one or more ROIs
selected in step 306 are included in FOV segments such as first sensor segment 202 and
captured in the higher pixel resolution. That is, the one or more selected ROIs are included in
one or more sensor segments that are captured in higher pixel resolution (see FIGS. 3B-D),
and, if needed, in some particular frame rate. To achieve this, first sensor segment 202 may be
moved within zoom area 206.

In some examples, the binning sensor is configured to operate only one sensor segment
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such as a first sensor segment 322 (FIG. 3B). In some of these examples and when a plurality
of ROIs is selected, a first sensor segment may be moved so that it includes the entire plurality
of ROIs. In addition, the first sensor segment may be scaled so that it includes the entire
plurality of ROIs, such as first sensor segment 342 (FIG. 3D).

In step 312, the mobile device is configured to use the camera to capture ROIs in higher
pixel resolution, referred to as “higher resolution image data”. In some examples, only a first
segment (including one or more ROIs) is captured and read out, e.g. for displaying higher pixel
resolution image data to a user. In other examples, dual resolution images are captured. In yet
other examples and when a plurality of ROIs are selected, step 308 and step 312 may be
repeated sequentially, so that the ROIs are captured in higher pixel resolution sequentially, i.e.
the ROIs are captured in higher pixel resolution in sequential frames. In yet other examples
referred to as “single-camera tracking dual stream”, two video streams are simultaneously
captured and read out. A first video stream includes lower resolution image data. A second
video stream includes higher resolution image data. In some of the yet other examples, the
second video stream may include a particular object that is tracked by first segment 202, i.e.
the first segment moves within zoom area 206 so that irrespective of the particular object’s
movement, the particular object remains within first segment 202. First segment 202 may be
moved so that a ROl is located at a center of first segment 202, or first segment 202 may be
moved so that a ROI is located within first segment 202 according to aesthetic criteria. In
examples where a plurality of ROIs is tracked, first segment 202 may be scanned so that the
plurality of ROIs is included in first segment 202, or first segment 202may be scanned so that
a maximum number of ROIs out of the plurality of ROIs is included in first segment 202.

In an optional step 314, the processor is configured to fuse (or “combine” or “stitch”)
image data generated in step 312, e.g. to fuse a plurality of images into one image. In a first
example, the processor may be configured to fuse lower resolution image data with higher
resolution image data. For example, the processor may fuse lower resolution image data
generated in step 302 with higher resolution image data generated in step 312. An advantage
of a resulting fused image is that it may show both an entire FOV (in lower pixel resolution)
and a ROI (in higher pixel resolution), while still being relatively small in file size, so that it
occupies only a relatively low amount of storage in a memory such as memory 450. “Relative”
refers here to an amount of storage required for an image including the entire FOV in higher
pixel resolution. In a second example, the processor may be configured to fuse lower resolution
image data and higher resolution image data generated in step 312 as captured in dual resolution

images. In a third example, the processor may be configured to fuse lower resolution image
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data and higher resolution image data generated by repeating all steps between step 306 and
step 312 sequentially, i.e. in sequential frames. In some of the examples where the processor
fuses lower resolution image data with higher resolution image data, ISP may be performed so
that an image quality or an image setting is relatively similar between lower resolution image
data and the higher resolution image data.

In some examples and for sequentially capturing a plurality of ROlIs, after capturing a
first ROI ("ROI1”) in higher pixel resolution in step 312, one may return to step 308 to
configure the binning sensor so that a second ROI ("ROI2”) is captured in higher pixel
resolution.

FIGS. 3B-D exemplarily show examples of binning sensor configurations as defined in
step 308.

FIG. 3B shows a first example of a binning sensor configuration, numbered 320 showing
a zoom area such as zoom area 206. In binning sensor configuration 320, a single ROI is
prioritized. Second sensor segment 324 is captured in lower pixel resolution or not captured at
all. First sensor segment 322 is moved so that it includes the ROI and is captured in higher
pixel resolution. As shown, ROI is not located at a center of first sensor segment 322, but at a
right-bottom area of first sensor segment 322.

FIG. 3C shows a second example of a binning sensor configuration, numbered 330. A
first ROI ("ROI1”) and a second ROI ("ROI”) are prioritized. There are two sensor segments
captured in higher pixel resolution, first sensor segment 332 and third sensor segment 336. First
sensor segment 334 is moved so that it includes ROI, third sensor segment 336 is moved so
that it includes ROL.. As shown, ROl is located at a center of first sensor segment 332, and
RO is located at a left-top area of third sensor segment 336. In some examples, first sensor
segment 332 may be captured in a first pixel resolution and third sensor segment 336 may be
captured in a second pixel resolution, wherein the first pixel resolution is different from the
second pixel resolution. Referring to above example of a binning sensor operational to perform
16-binning and having a pixel resolution of 200 MP, this may for example be achieved
according to the following: Second sensor segment 332 may be operated in the lowest pixel
resolution mode, first sensor segment 332 may be operated in the lower HRM, and third sensor
segment 336 may be operated in the higher HRM.

FIG. 3D shows a third example of a binning sensor configuration, numbered 340. A first
ROI ("ROI1”) and a second ROI ("ROI,”) are prioritized. First sensor segment 342 is moved
and scaled so that it includes both ROI1 and ROIL. First sensor segment 342 is captured in

higher pixel resolution.
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FIG. 3E shows steps of a second method for maximum resolution capturing disclosed
herein and numbered 350. Method 350 may be performed in a mobile device such as mobile
device 400 or mobile device 550 that includes a processor (e.g. an AP), at least one first camera
(“camera 17) that has a binning sensor and at least one second camera (“camera 2”) that may
or may not have a binning sensor. For performing method 350, camera 1 and camera 2 must be
calibrated, so that a location in camera 1’s FOV can be unambiguously assigned to a location
in camera 2’s FOV and vice versa. Method 350 is referred to as “dual-camera maximum
resolution capturing”. In general, a FOV of camera 1 (FOV1) is larger or equal to a FOV of
camera 2 (FOV2),1.e. FOV1 >FOV2. In some examples, camera 1 may be a Wide (or “Main”)
camera and camera 2 may be an Ultra-Wide camera. In other examples, camera 1 may be a
Tele camera and camera 2 may be a Wide camera.

In a step 352, a user points the mobile device towards a scene. Camera 2 captures second
image data. In case camera 2 includes a binning sensor, in general in step 352 the sensor of
camera 2 is used in lower pixel resolution mode. In some examples, the mobile device may
capture additional information as detailed for step 302. In some examples, in addition camera
1 captures first image data.

In a step 354, the processor included in the mobile device is configured to use the second
image data and, if available, the additional information to analyze the scene to provide/obtain
scene information. In some examples and optionally, the processor is in addition configured to
use first image data to analyze the scene.

In a step 356, the processor is configured to prioritize the scene information and to select
one or more ROIs. For prioritization, methods as described above may be used. In some
examples, the additional information may be used for prioritization. In other examples, a user
may select one or more ROIs.

In a step 358, the processor is configured to configure the binning sensor included in
camera 1 so that one or more ROIs selected in step 356 are included in sensor segments that
are captured in higher pixel resolution, as detailed in FIGS. 3A-D.

In a step 362, the mobile device is configured to use camera 1 to capture the one or more
ROIs in higher pixel resolution. In some examples, only first segment 202 (including the one
or more ROIs) is captured and read out, e.g. for displaying it to a user. In other examples and
for a camera 1 including a sensor configured to capture dual resolution images, first segment
202 and, in addition, second segment 204 may simultaneously be captured and read out. In

yet other examples referred to as “dual-camera tracking dual stream”, two video streams are
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simultaneously captured and read out. A first video stream includes lower resolution image
data captured by camera 2, e.g. of the entire FOV2 or of parts thereof. A second video stream
includes higher resolution image data captured by camera 1. In some of the yet other examples,
the second video stream may include a particular object tracked by first segment 202 .

In an optional step 364, the processor is configured to fuse image data generated in the
previous steps. In a first example, the processor may be configured to fuse second (lower
resolution) image data e.g. generated in step 352 with first (higher resolution) image data
generated in step 362. In a second example, the processor may be configured to fuse lower
resolution image data and higher resolution image data generated in step 362 as captured in
dual resolution images. In a third example, the processor may be configured to fuse lower
resolution image data and higher resolution image data generated by sequentially repeating all
steps between step 356 and step 362.

FIG. 3F shows a screen 370 disclosed herein which is operational to conveniently present
a user with information required to select one or more ROIs. Screen 370 displays second
segment 372 alongside several options for image sensor segments that include ROIs. From the
several options for image sensor segments, a user may select one image sensor segment option
which is then captured in higher pixel resolution. Specifically, screen 370 displays a first sensor
segment option 374 including one or more ROIs, a second sensor segment option 376 including
one or more ROIs and a third sensor segment option 578 including one or more ROIs. In an
example, a user may select one of the sensor segment options 374 or 376 or 378 by touching
screen 370.

In an example referred to as “autoframing”, method 300 or method 350 may be
performed by moving first segment 202 so that first segment 202 represents an aesthetic image
composition. Referring to a second (higher resolution) video stream of a single-camera tracking
dual stream or a dual-camera tracking dual stream, first segment 202 may scan second segment
204 so that an aesthetic image composition of the second image data is achieved. In some
examples, “aesthetic image composition” may mean that a particular ROI is located at a
particular position in first segment 202. In some examples, a particular ROI may be located at
a center position of first segment 202 (see ROI1 in FIG. 3C). In other examples, a particular
ROI may be located within first segment 202 according to the “rule of thirds” as known in the
art. Aesthetic image composition may mean that not only a particular ROI is included in an
image, but e.g. also a particular amount of background. For example, when capturing or
tracking a human, one may select between different modes that include different FOV

segments. A first mode may include a first FOV segment showing the entire human, a second
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mode may include a second FOV segment (smaller than the first FOV segment) showing only
the torso of the human (e.g. not showing the legs of the human), a third mode may include a
third FOV segment (smaller than the second FOV segment) showing only the head of the
human (e.g. not showing the chest of the human), a fourth mode may include a fourth FOV
segment (smaller than the third FOV segment) showing only the face of the human (e.g. not
showing the hair of the human) etc. In some examples, the particular amount of background
depends on properties of the background such as brightness, color composition etc., or
properties of the background relative to properties of the particular ROI such as a difference in
brightness, color composition etc. between the background and the particular ROI. Further
criteria for an aesthetic image composition are e.g. described by Wang et al in the article “A
deep network solution for attention and aesthetics aware photo cropping”, 2018. In other
examples, the particular amount of background depends on a preference of a user.

In another example referred to as “foveated video stream”, in a first step, method 300 or
method 350 may be performed repetitively (or sequentially) to capture a FOV segment FOVrv
in higher pixel resolution which is larger than first segment 202, i.e. FOVrv> first segment 202.
This is achieved by sequentially repeating step 312 or step 362 for capturing a plurality of
higher pixel resolution images, each higher pixel resolution image of the plurality of higher
pixel resolution images covering a different FOV <FOVFv, so that the plurality of higher pixel
resolution images covers entire FOVry. In a second step, a part of or the entire plurality of
higher pixel resolution images is stitched or fused into second segment 204, so that a fusion
image including segments in lower pixel resolution and segments in higher pixel resolution is
created. In other examples, in a second step a part or the entire plurality of higher pixel
resolution images is stitched so that one higher pixel resolution image having FOVrv is
obtained. A plurality of sequentially created fusion images form a single video stream which
is displayed to a user. In some examples, images from the beginning of the single video stream
(e.g. within the first Y2 second or within the first 2 seconds) may include less FOV segments
captured in higher pixel resolution than images from later parts of the single video stream.

In some foveated video stream examples, a particular order of capturing the higher pixel
resolution images may be applied. In an example referred to as “foveated center video stream”,
a particular order may be to first capture FOV segments in higher pixel resolution that are
located at a center of the camera FOV and successively capture FOV segments in higher pixel
resolution that are closer to a margin of the camera FOV. In an example referred to as “foveated
motion video stream”, a particular order may be to first capture all FOV segments in higher

pixel resolution where motion is detected (i.e. objects moving relative to a non-moving
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background) and afterwards capture FOV segments in higher pixel resolution where less or no
motion is detected, or the other way around. In an example referred to as “foveated personalized
video stream”, a particular order may be defined by personalized prioritization. I.e. one may
first capture all FOV segments in higher pixel resolution where particular objects that have a
high value to a particular user are located, and afterwards capture FOV segments in higher
pixel resolution where no particular objects that have a high value to a particular user are
located.

In one example referred to as “smart panorama”, all steps between step 302 and step 312
of method 300, or all steps between step 352 and step 362 method 350, may be performed
sequentially while a user captures a panorama image as known in the art (“known panorama
image” in the following). As done for capturing a known panorama image, for capturing a
smart panorama image, a user moves a mobile device relative to a scene to sequentially capture
a panorama FOV (FOVp) of a scene which is larger than the camera FOV, i.e. FOVp > FOV
200.

In the sequential performance of step 302 or step 352, a plurality of single lower pixel
resolution images is captured, the plurality of single lower pixel resolution images including
different FOVs of the scene. As a first step and for fusing a known panorama image, the
plurality of single lower pixel resolution images may be fused.

In the sequential performance of step 312 or step 362, a plurality of higher pixel
resolution images including ROIs may be captured. The plurality of higher pixel resolution
images may include different ROIs that may be distributed all over FOVp. In a second step, the
plurality of higher pixel resolution images may be fused into the known panorama image,
wherein the higher resolution image data is pinned to a particular location within the known
panorama image. “Pinned” means here that higher resolution image data is fused into lower
resolution image data so that a position of an object is “matched”, i.e. an image point of a
particular object point in the higher pixel resolution image is fused into the known panorama
image so that its position does not deviate by more than a particular amount of pixels with
respect to an image point of the particular object point in the known panorama image. The
particular amount of pixel may be 1 pixel, 5 pixels, 10 pixels or more than 20 pixels, wherein
a pixel size of about 1um is assumed.

The steps of method 300 or method 350 may be performed automatically (or
“autonomously”), i.e., compared to a capture scenario of a regular panorama image, the user is
not required to perform any additional action for capturing a smart panorama, but all additional

steps are performed by the mobile device without user intervention. An advantage of a smart
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panorama image is that it shows ROIs present in the panoramic scene in higher pixel resolution,
while still being relatively small in file size, so that it occupies only a relatively low amount of
storage in a memory such as memory 450. In addition, it can be captured in a relatively short
time frame. “Relatively low” and “relatively short” refer here to known panorama images that
include the entire panoramic scene in higher pixel resolution. In some smart panorama
examples referred to as “personalized smart panorama” and using personalized prioritization,
a smart panorama includes higher resolution image data of ROIs that include particular objects
that have a high value to a particular user.

In another example referred to as “smartshot”, method 300 or method 350 may be
performed while a user captures a single regular image as known in the art. One or more higher
pixel resolution images including higher resolution image data (“smartshot images” in the
following) are captured simultaneously with the single lower pixel resolution image. In some
smartshot examples, the smartshot images may be shown (or “displayed”) to a user separately
from the single regular image. In other smartshot examples, higher resolution image data may
be fused into the single lower pixel resolution image, wherein the higher resolution image data
is pinned a particular location within the lower pixel resolution image. It is noted here that the
steps of method 300 or method 350 may be performed automatically (or “autonomously).
Autonomous smartshot capture is beneficial, as compared to a scenario where a user captures
a single lower pixel resolution image, the user does not have to perform any additional action
for capturing the smartshot, but still receives both the single lower pixel resolution image and,
in addition, smartshot images including ROIs of a scene in higher pixel resolution. In some
smartshot examples referred to as “personalized smartshot” and using personalized
prioritization, a smartshot includes higher resolution image data of ROIs that include particular
objects that have a high value to a particular user.

In another example referred to as “video smartshot”, method 300 or method 350 may be
performed while a user captures a regular video stream as known in the art. One or more
smartshot images are captured simultaneously with the capture of the lower pixel resolution
video stream. In some video smartshot examples, the smartshot images may be shown to a user
separately from the lower pixel resolution video stream. In other video smartshot examples,
smartshot image data may be fused into the lower pixel resolution video stream. It is noted here
that the steps of method 300 or method 350 may be performed autonomously. Autonomous
video smartshot capture is beneficial, as compared to a scenario where a user captures a regular
video stream, the user does not have to perform any additional action for capturing the video

smartshot, but still receives both the lower pixel resolution video stream and, in addition,
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smartshot images including ROIs of a scene in higher pixel resolution.

In another example referred to as “panning image”, method 300 or method 350 may be
performed while a user captures a single lower pixel resolution image as known in the art or a
video stream as known in the art of a scene that includes a moving object selected for panning
("selected moving object” in the following) and a background. The selected moving object may
represent a ROI in the scene and may move relative to a mobile device used for capturing a
panning image, or vice versa, a mobile device used for capturing a panning image may move
relative to a selected moving object. In a first sub-step for capturing a panning image, a plurality
of higher pixel resolution images of first sensor segment 202 are captured so that they include
the selected moving object. In general and as of the movement, the selected moving object may
be located at different positions within first sensor segment 202. In some examples, first sensor
segment 202 may be moved as well while capturing first sensor segment 202, e.g. to keep the
selected moving object within first sensor segment 202. A background may be included in first
sensor segment 202, or it may be included in second sensor segment 204. As detailed below,
in a final (or “output”) image displayed to a user, the background will be blurred, so that a
resolution with which the background is captured is in general of relatively low important.
Therefore, it may be beneficial to include as much of the background as possible into second
sensor segment 204, and only include segments of the background in first sensor segment
202which are relatively close to the selected moving object.

In a second sub-step, the plurality of higher pixel resolution images are aligned to obtain
a plurality of aligned higher pixel resolution images. The alignment is done so that the selected
moving object is located at a same image position. This implies that objects of the background
are not located at a same image position, but at different positions. The change in position is
defined by the degree (or “amount” or “velocity”) of relative movement between the selected
moving object and the mobile device. In a third sub-step, one single panning image is created
by overlaying the aligned higher pixel resolution images. In the panning image, the selected
moving object is not blurred, but the objects of the background are blurred, i.e. a blurred
background is created. The degree (or amount) of blur is defined (1) by the degree of relative
movement between the selected moving object and the mobile device and (2) by the capture
time (or duration) of the panning image. I general, a longer capture time is associated with a
larger (or “higher”) plurality of higher pixel resolution images captured in the first sub-step. A
panning image is beneficial to highlight motion occurring in a scene, e.g. to highlight a moving
object. In some examples, a plurality of moving objects may be present in the scene, e.g. two

or even three moving objects, and more than one of the plurality of moving objects may be
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selected for panning. In the following, this is referred to as “multi-object panning”. In a first
method for multi-object panning, in a first sub-step for capturing a multi-object panning image,
a plurality of higher pixel resolution images of first sensor segment 202 are captured so that
they include the same background and all selected moving objects located at different positions
within first sensor segment 202. In some examples of multi-object panning, a size of first sensor
segment 202may be scaled so that it includes all the selected moving objects. In other examples
of multi-object panning, more than one sensor segment operated in HRM may be captured. For
example, if there are two selected moving objects, two higher pixel resolution images of two
different sensor segments may be captured. If there are three selected moving objects, three
higher pixel resolution images having three different sensor segments may be captured, etc.

In a second sub-step, one particular object out of the selected moving objects is selected
by a user or automatically, i.e. by an algorithm. The plurality of higher pixel resolution images
is aligned to obtain a plurality of aligned higher pixel resolution images. The alignment is done
so that the one particular object is located at a same position within an output frame. The
alignment implies that objects of the background are not located at a same image position, but
at different image positions. Here, the background includes also the selected moving objects
except the one particular object. In a third sub-step, one single panning image is created by
overlaying the aligned higher pixel resolution images. In the panning image, the one particular
selected moving object is not blurred, but the objects of the background are blurred. After
creating a panning image that includes the one particular selected moving object which is not
blurred, a user may want to create an additional panning image, e.g. showing a second
particular selected moving object which is not blurred. For this and based on the higher pixel
resolution images captured in the first sub-step, in the second sub-step another particular object
out of the selected moving objects is selected by a user or automatically. The plurality of higher
pixel resolution images is aligned to obtain a plurality of aligned higher pixel resolution images.
The alignment is done so that the another particular object is located at a same image position.
The alignment implies that objects of the background are not located at a same position within
the output frame. Here, the background includes also the selected moving objects except the
another particular object. In a third sub-step, one single panning image is created by overlaying
the aligned higher pixel resolution images. In the panning image, the another particular selected
moving object is not blurred, but the objects of the background are blurred. In this manner
several panning images can be created based on a same plurality of higher pixel resolution
images captured in the first sub-step. In a video stream, there may be a gradual (or “smooth”)

transition between different selected moving objects that are not blurred. This means that in a
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first video stream segment, a first particular object out of the selected moving objects is shown
not blurred (with background shown blurred), in a second video stream segment, a second
particular object out of the selected moving objects is shown not blurred (with background
shown blurred), etc. The different video stream segments may be all displayed (or “rendered”)
at a same frame rate, or they may be displayed at different frame rates.

In other examples referred to as “long exposure”, in a second sub-step, the alignment
may be done so that the background objects are located at a same position within an image.
This implies that the selected moving object is not located at a same position within the image.
In a third sub-step, one single long exposure image is created by overlaying the aligned higher
pixel resolution images. In the long exposure image, the background is not blurred, but a
blurring of the selected moving object is created. The degree of blur is defined by the degree
of relative movement between the selected moving object and the mobile device.

In a yet another example referred to as “super-image”, in a first step, method 300 or
method 350 may be performed repetitively (or sequentially) to capture a FOV segment FOVs1
in higher pixel resolution which is significantly larger than first sensor segment 202, i.e.
FOVs> first sensor segment 202. This is achieved by sequentially repeating step 312 or step
362 for capturing a plurality of higher pixel resolution images, each higher pixel resolution
image of the plurality of higher pixel resolution images covering a different FOV< FOVsy, so
that the plurality of higher pixel resolution images covers entire FOVg1. In a second step, the
plurality of higher pixel resolution image is combined (or stitched) or fused so that an image
covering entire FOVsi in higher pixel resolution is created.

A yet another example referred to as “Portrait Bokeh” relates to applying further image
processing after capturing first sensor segment 202. For example, for Portrait Bokeh only the
one or more ROIs included in first sensor segment 202 may be used (or may remain) in higher
pixel resolution as captured in step 312 or step 362. FOV segments of first sensor segment 202
that do not include the one or more ROIs may be artificially blurred. The blurring may be a
Gaussian blurring or another blurring as known in the art. For example, a ROI may be a face
or a body of a person. In Portrait Bokeh, the face or the body of the person may not be blurred,
whereas all FOV segments not including the face or the body of the person may be blurred. In
general, Portrait Bokeh represents an aesthetic photography feature.

A yet another example referred to as “Face hiding” also relates to applying further image
processing after capturing first sensor segment 202 and/or second sensor segment 204. For
example, for Face hiding, all faces or one or more of all faces in first sensor segment 202 and/or

second sensor segment 204may be hidden. Here and in the following, “hiding” a face means
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that image data including features of the face or the entire face may be processed so that the
person shown in the image cannot be identified based on the image data including the hidden
face. Hiding a face may be achieved by blurring a FOV segment including the face, or it may
be achieved by replacing the image data showing the face with image data showing a different
object, for example an “emoji”. In some examples (“personalized face hiding”), not all faces
in a scene may be hidden, but only a particular selection of faces may be hidden. Personalized
prioritization may be used to decide which face is hidden and which face is not. For example,
only faces of often captured persons may not be hidden, but all other faces may be hidden. Face
hiding may be beneficial for preserving a privacy of a person. In general, Face hiding represents
a privacy-preserving photography feature.

A yet another example referred to as “Object tracking boost™ relates to selecting one or
more ROIs in step 306 and step 356. As part of a scene analysis in step 304 or step 354, for
object tracking boost one may use information obtained from an image processing method for
performing object tracking ("object tracking methods”). For example, neural network based
object tracking methods such as Vision transformers ("ViT”) known in the art deploy a so
called “attention mechanism” that classifies (or “ranks”) FOV segments according to their
importance for tracking a particular ROI. This classification may be used to select ROIs that
are to be captured in higher pixel resolution. For example, a FOV segment which is classified
as important (relative to other FOV segments) for tracking a particular ROI by an object
tracking method, may be captured in higher pixel resolution. This can beneficially impact a
performance of the object tracking method, because the higher resolution image data used by
the object tracking method includes more details on the particular ROI compared to lower
resolution image data. In other words, it can boost (or improve) capabilities of object tracking
methods.

A yet another example referred to as “Audio zoom” relates to applying further audio
processing after capturing a video stream including one or more ROIs in higher pixel
resolution. A sound stream may be recorded alongside the video stream. For example, in the
sound stream, a sound that is associated with (or “belongs to”) a ROI may be artificially
enhanced compared to a sound not associated with an ROL

A yet another example referred to as “post-capture image orientation” relates to applying
further image processing after capturing first sensor segment 202. This feature is for example
beneficially used in digital media such as social media, which often request (or “require”) a
particular ratio of image height and image width when publishing images, i.e. a particular

width/height ratio. After capturing first sensor segment 202, a user may for example desire to
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publish the scene, but the higher pixel resolution image may have been captured in a
width/height ratio that is different from a particular width/height ratio that is requested by the
digital media. A user may cut (or crop) the higher pixel resolution image so that it fits the
requested particular width/height ratio, but this may be undesired as not all image data included
in the higher pixel resolution image can be used. Amongst others for preventing this
disadvantage, in post-capture image orientation as disclosed herein, a program (or “algorithm”)
such as generative artificial intelligence ("Generative AI”) may be used to generate (or
“invent”) new image data that is used to generate a new image that has a FOVn which is larger
than a FOV of the higher pixel resolution image. The new image may for example include all
image data of the higher pixel resolution image, and in addition it may also include the new
(“generated”) image data. The new image data may complete (or “complement”) image data
of the higher pixel resolution image, for example so that the new image fits the particular
width/height ratio that is requested by the digital media. The generation of the new image data
may be performed by a processor included in a mobile device operational to perform post-
capture image orientation, or it may be generated outside of the mobile device, e.g. in a cloud.
In some examples, for generating the new image data, other image data may be used. For
example, lower resolution image data that includes parts of or the entire FOV~ may be used.
In these examples, one may also speak of “up-sampling” image data or performing “super
resolution” on image data, instead of speaking of “generating” new image data.

FIG. 4 shows schematically an embodiment of a mobile device (for example, a
smartphone) numbered 400 configured to perform methods disclosed herein. Mobile device
400 comprises a first camera 410 having a first camera field-of-view FOV1 and including a
first lens 412 and a first image sensor 414. First image sensor 414 is a binning sensor.
Optionally, mobile device 400 further comprises a second camera 420 having a second camera
field-of-view FOV: and including a second lens 422 and a second image sensor 424. Second
image sensor 424 may be or may not be a binning sensor. In general, FOV22> FOV1 may be
fulfilled. In some examples, first camera 410 may be a Wide camera with FOV1=60-100 deg
and an effective focal length (“EFL”) of EFL1 = 3mm-10mm, and optional second camera 420
may be an Ultra-Wide camera with FOV,=100-180 deg and an of EFL2 = 1.5mm-7.5mm.

Mobile device 400 further includes an application processor (AP) 430. AP 430 includes
a scene analyzer 432 configured to analyze image data of a scene to provide scene information,
a ROI selector 434 configured to prioritize objects detected by scene analyzer 432, a sensor

control 436 configured to configure a binning sensor, i.e. to move a sensor segment in HRM
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of a binning sensor such as binning sensor 414, and an image fuser 438 configured to perform
image fusion as described in step 314 and in step 364.

Mobile device 400 further includes a screen 440 for displaying information. Screen 440
may be a touchscreen, configured to detect a particular location that a user touches. Mobile
device 400 further includes a memory 450, e.g. for storing image data of an image gallery, or
for storing calibration data between first camera 410 and second camera 420. In other
examples, calibration data between first camera 410 and second camera 420 may be stored at
a memory associated with (or “included in”) first camera 410 and/or second camera 420, e.g.
an electrically erasable programmable read-only memory (“EEPROM”).

Mobile device 400 may further include several additional sensors to capture additional
information. For example, an additional sensor may be a microphone or even a directional
microphone, a location sensor such as GPS, an inertial measurement unit (IMU) etc.

FIG. 5A shows schematically a mobile device (for example, a smartphone) numbered
500 configured to perform single-camera maximum resolution capturing (see FIG. 3A)
disclosed herein. Mobile device 500 has a front surface 502 which is in general pointed towards
a user. Mobile device 500 has a rear surface 504 which is in general pointed towards a scene
that a user captures. Front surface 502 includes a screen 516. Rear surface 504 includes a rear
(or “world-facing”) camera 510 including a binning sensor, such as first camera 410. Camera
510 has a FOV 512 which in general is captured in binning resolution and operational to capture
an entire scene. FOV 512 includes a FOV segment 514 which in general is captured in higher
pixel resolution and operational to capture one or more ROIs. As indicated by the arrows, FOV
segment 514 may be moved or scanned within FOV 512. In some examples, the scanning of
FOV segment 514 is performed according to an analysis of lower resolution image data that
covers a scene included in FOV 512.

FIG. 5B shows schematically a mobile device (for example, a smartphone) numbered
550 configured to perform dual-camera maximum resolution capturing (see FIG. 3B) disclosed
herein. Mobile device 5050 has a front surface 552 and a rear surface 554. Front surface 552
includes a screen 556. Rear surface 554 includes a first rear camera 560 including a binning
sensor, such as first camera 410. Rear surface 554 further includes a second rear camera 570
including an image sensor which may be or may not be a binning sensor, such as second camera
420. Camera 560 has a FOV 562 that includes a FOV segment 564 which in general is captured
in higher pixel resolution and operational to capture one or more ROIs. As indicated by the

arrows, FOV segment 564 may be moved or scanned within FOV 562. In some examples, the
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scanning of FOV segment 564 is performed according to an analysis of lower resolution image
data that covers a scene included in FOV 572.

While this disclosure has been described in terms of certain embodiments and generally
associated methods, alterations and permutations of the embodiments and methods will be
apparent to those skilled in the art. The disclosure is to be understood as not limited by the
specific embodiments described herein, but only by the scope of the appended claims.

All references mentioned in this specification are herein incorporated in their entirety by
reference into the specification, to the same extent as if each individual reference was
specifically and individually indicated to be incorporated herein by reference. In addition,
citation or identification of any reference in this application shall not be construed as an

admission that such reference is available as prior art to the present application.
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WHAT IS CLAIMED IS:

1. A camera system, comprising:

a camera having a field-of-view (FOV) and including an image sensor having an image
sensor area, wherein the image sensor is configured to perform pixel binning to switch between
a lowest pixel resolution mode and one or more higher pixel resolution modes (HRMs),
wherein the image sensor is configurable to operate a first segment of the image sensor area in
one of the one or more HRMs for capturing higher pixel resolution image data; and

a processor configurable to analyze image data of the camera, to select a region of
interest (ROI) in a scene viewed by the FOV, and to configure the image sensor so that the
selected ROI is included in the first segment of the image sensor area and is captured in the

higher pixel resolution.

2. The camera system of claim 1, wherein the image sensor area includes a rectangular
zoom area that is smaller than the image sensor area by 1.5x or more, wherein the first segment
is included in the zoom area, wherein a center of the image sensor area is identical to a center

of the zoom area.

3. The camera system of claim 2, wherein the zoom area is smaller than the image sensor

area by 2 times or more.

4. The camera system of claim 2, wherein the zoom area is smaller than the image sensor

area by 3 times or more.

5. The camera system of claim 2, wherein the zoom area is smaller than the image sensor

area by 4 times or more.

6. The camera system of claim 1, wherein the first segment can be located at any position

within the image sensor area.

7. The camera system of claim 1, wherein the image sensor is configurable to not operate

any segment of the image sensor area that is not included in the first segment.
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8. The camera system of claim 1, wherein the lowest pixel resolution mode corresponds

to a full sensor pixel resolution in the range of 11 to 13 megapixel.

0. The camera system of claim 1, wherein each of the one or more HRMs corresponds to

a full sensor pixel resolution equal to or larger than 45 megapixel.

10.  The camera system of claim 1, wherein the one HRM corresponds to a full sensor pixel

resolution in the range of 45 to 55 megapixel.

11. The camera system of claim 1, wherein the one HRM corresponds to a full sensor pixel

resolution in the range of 95 to 120 megapixel.

12. The camera system of claim 1, wherein the one or more HRMs include two HRMs, and

wherein the first segment is operated in a higher HRM of the two HRMs.

13. The camera system of claim 12, wherein the higher HRM of the two HRMs corresponds

to a full sensor pixel resolution in the range of 180 to 220 megapixel.

14. The camera system of claim 1, wherein the one or more HRMs include two HRMs, and

wherein the first segment is operated in a lower HRM of the two HRMs.

15.  The camera system of claim 14, wherein the lower HRM of the two HRMs corresponds

to a full sensor pixel resolution in the range of 45 to 55 megapixel.

16. The camera system of claim 1, wherein the one or more HRMs include three HRMs,

and wherein the first segment is operated in a highest HRM of the three HRMs.

17. The camera system of claim 16, wherein the highest HRM of the three HRMs

corresponds to a full sensor pixel resolution in the range of 350 to 450 megapixel.

18.  The camera system of claim 1, wherein the one or more HRMs include three HRMs,

and wherein the first segment is operated in an intermediate HRM of the three HRMs.
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19. The camera system of claim 18, wherein the intermediate HRM of the three HRMs

corresponds to a full sensor pixel resolution in the range of 95 to 120 megapixel.

20.  The camera system of claim 1, wherein the one or more HRMs include three HRMs,

and wherein the first segment is operated in a lowest HRM of the three HRMs.

21.  The camera system of claim 20, wherein the lowest HRM of the three HRMs

corresponds to a full sensor pixel resolution in the range of 45 to 55 megapixel.

22. The camera system of claim 1, wherein the image sensor is configurable to operate a
second segment of the image sensor area in the lowest pixel resolution mode for capturing

lowest resolution image data.

23. The camera system of claim 12, wherein the image sensor is configurable to operate a
second segment of the image sensor area in the lower HRM of the two HRMs for capturing

lower HRM image data.

24, The camera system of claim 16, wherein the image sensor is configurable to operate a
second segment of the image sensor area in an intermediate of the three HRMs for capturing
intermediate HRM image data or in a lower of the three HRMs for capturing lower HRM image
data.

25. The camera system of claim 18, wherein the image sensor is configurable to operate a
second segment of the image sensor area in a lower of the three HRMs for capturing lower

HRM image data.

26. The camera system of claim 21, wherein the second segment does not overlap with the
first segment, and wherein the second segment includes any image sensor area that is not

included in the first segment.
27. The camera system of claim 23, wherein the second segment does not overlap with the

first segment, and wherein the second segment includes any image sensor area that is not

included in the first segment.
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28. The camera system of claim 24, wherein the second segment does not overlap with the
first segment, and wherein the second segment includes any image sensor area that is not

included in the first segment.

29. The camera system of claim 25, wherein the second segment does not overlap with the
first segment, and wherein the second segment includes any image sensor area that is not

included in the first segment.

30. The camera system of claim 22, wherein the second segment includes the entire image

Sensor arca.

31 The camera system of claim 23, wherein the second segment includes the entire image

Sensor arca.

32. The camera system of claim 24, wherein the second segment includes the entire image

Sensor arca.

33. The camera system of claim 25, wherein the second segment includes the entire image

Sensor arca.

34. The camera system of claim 22, wherein the configuration to analyze image data of the
camera includes a configuration to analyze the lowest resolution image data from the second

segment.

35. The camera system of claim 23, wherein the configuration to analyze image data of the
camera includes a configuration to analyze the lower HRM image data from the second

segment.
36. The camera system of claim 24, wherein the configuration to analyze image data of the

camera includes a configuration to analyze the intermediate HRM image data from the second

segment or the lower HRM image data from the second segment.
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37. The camera system of claim 25, wherein the configuration to analyze image data of the
camera includes a configuration to analyze the lower HRM image data from the second

segment.

38. The camera system of claim 1, wherein the configuration to analyze image data of the

camera includes a configuration to analyze the higher pixel resolution image data from the first

segment.
39. The camera system of claim 1, wherein the image sensor is configured to perform 4-
binning.
40. The camera system of claim 1, wherein the image sensor is configured to perform 9-
binning.
41. The camera system of claim 1, wherein the image sensor is configured to perform 16-
binning.
42. The camera system of claim 1, wherein the image sensor is configured to perform 36-
binning.
43.  The camera system of claim 1, wherein the configuration to select a ROI includes a

configuration to receive a user command so that the ROI is selected according to the user

command.

44, The camera system of claim 1, wherein the configuration to select a ROI includes a

configuration to select the ROI autonomously.
45.  The camera system of claim 44, wherein the configuration to select the ROI
autonomously includes a configuration to calculate a saliency map and to use the saliency map

to select the ROI.

46. The camera system of claim 44, wherein the configuration to select a ROI autonomously

includes a configuration to detect faces and to use the detected faces to select the ROL
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47. The camera system of claim 44, wherein the configuration to select a ROI autonomously

includes a configuration to detect object motion and to use the detected object motion to select

the ROL

48.  The camera system of claim 44, wherein the configuration to select a ROI includes a

configuration to select the ROl in a personalized manner.

49.  The camera system of claim 1, wherein the configuration to select a ROI includes a

configuration to select a ROI located at a center of the first segment.

50. The camera system of claim 1, wherein the configuration of the image sensor is

performed so that the ROI is located in the first segment according to aesthetic criteria.

51. The camera system of claim 1, wherein the configuration of the image sensor is

performed so that the ROI is located in the first segment according to the rule of thirds.

52. The camera system of claim 1, wherein the configuration of the image sensor is

performed so that two or more ROIs are included in the first segment.

53. The camera system of claim 1, wherein the image sensor is in addition configurable to
operate a second segment of the image sensor area in one of the one or more HRMs, wherein
the processor is configurable to select a second ROI in the scene, and wherein the second ROI
is included in the second segment of the image sensor area and is captured in the higher pixel

resolution.

54.  The camera system of claim 53, wherein the one or more HRMs include two or more
HRMs, wherein the image sensor is configurable to operate the second segment of the image
sensor area in one of the two or more HRMs that is different from the HRM the first segment

is operated in.

55. The camera system of claim 1, wherein the camera system is configured to perform

single-camera maximum resolution capturing.
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56.  The camera system of claim 1, wherein the camera has an effective focal length EFL =

3mm-10mm and a field-of-view FOV=60-100 deg.

57. The camera system of claim 1, further comprising a second camera having a second
FOV (FOV3) and including a second image sensor configured to capture FOV2, wherein the
configuration to select a ROI includes a configuration to analyze image data of the second

camera.

58.  The camera system of claim 57, wherein FOV2 2 FOV.

59.  The camera system of claim 57, wherein the second camera has a second effective focal

length EFL2 = 1.5mm-7.5mm and a second field-of-view FOV,=100-180 deg.

60. The camera system of claim 57, wherein the camera system is operational to perform

dual-camera maximum resolution capturing.

61. The camera system of claim 57, wherein the camera system is configured to capture dual

resolution images.

62. The camera system of claim 1, wherein an image including the selected ROI captured

in higher pixel resolution has a pixel count in the range of 2.5 to 55 megapixel.

63. The camera system of claim 1, wherein an image including the selected ROI captured

in higher pixel resolution has a pixel count in the range of 11 to 13 megapixel.

64. The camera system of claim 1, wherein the image sensor is configurable to capture a

video stream of the first segment of the image sensor area in higher pixel resolution.

65.  The camera system of claim 64, wherein the video stream is captured in 8k pixel count.
60. The camera system of claim 64, wherein the video stream is captured in 4k pixel count.
67.  The camera system of claim 64, wherein the video stream is captured in 2k pixel count.
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68.  The camera system of claim 64, wherein the video stream is captured at a frame rate in

the range of 15 to 500 frames per second.

69.  The camera system of claim 64, wherein the video stream is captured at a frame rate in

the range of 15 to 60 frames per second.

70. The camera system of claim 64, wherein the camera system is configured to capture a

dual resolution video stream.

71. The camera system of claim 1, wherein the processor is further configurable to pin the

ROI captured in higher pixel resolution into another image captured by the camera system.

72.  The camera system of claim 1, wherein the ROI represents a human, and wherein the
configuration of the image sensor is performed so that the first segment includes the human

entirely.

73.  The camera system of claim 1, wherein the ROI represents a human, and wherein the

configuration of the image sensor is performed so that the first segment includes only a face of

the human.

74. The camera system of claim 1, wherein the camera system is operational to perform
autoframing.

75. The camera system of claim 1, wherein the camera system is operational to generate a

foveated video stream.

76. The camera system of claim 1, wherein the camera system is operational to generate a
smartshot.

77.  The camera system of claim 76, wherein the smartshot is a personalized smartshot.

78.  The camera system of claim 76, wherein the smartshot is a video smartshot.
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79. The camera system of claim 1, wherein the camera system is operational to generate a

smart panorama.

80. The camera system of claim 1, wherein the camera system is operational to generate a

super-image.

81. The camera system of claim 1, wherein the camera system is operational to generate a

panning image.

82. The camera system of claim 1, wherein the camera system is operational to generate a

long exposure image.

83. The camera system of claim 1, wherein the camera system is operational to generate a

Portrait bokeh image.

84. The camera system of claim 1, wherein the camera system is operational to perform face
hiding.
85. The camera system of claim 1, wherein the camera system is operational to perform

object tracking, wherein the configuration to select a ROI includes a configuration to select a
ROI according to a need for object tracking, and wherein the capture of the ROI in higher pixel

resolution improves a performance of the object tracking.

86. The camera system of claim 1, wherein the camera system is operational to perform

post-capture image orientation.

87.  The camera system of claim 1, wherein the camera system is included in a mobile
device.
88. The camera system of claim 87, wherein the mobile device includes a screen, and

wherein the configuration to select the ROI includes a configuration to use the screen to present

several options for the selection of the ROI to a user.
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89.  The camera system of claim 87, wherein the mobile device has a front surface including

a screen and a rear surface, and wherein the first camera is included in the rear surface.

90. The camera system of claim 57, wherein the camera system is included in a mobile
device.
91.  The camera system of claim 90, wherein the mobile device has a front surface including

a screen and a rear surface, and wherein the first camera and the second camera are included

in the rear surface.

92. The camera system of claim 87, wherein the mobile device is operational to perform
audio zoom.

93. The camera system of claim 90, wherein the mobile device is operational to perform
audio zoom.

94.  The camera system of claim 87, wherein the mobile device is a smartphone.

95.  The camera system of claim 90, wherein the mobile device is a smartphone.

96.  The camera system of claim 87, wherein the mobile device is a tablet.

97.  The camera system of claim 90, wherein the mobile device is a tablet.
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