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ELECTRONIC DEVICES HAVING MULTIPLE POSITION CAMERAS

BACKGROUND

[0001]  An electronic device, such as a smartphone, may have one or multiple
cameras for purposes of acquiring still images or video. For example, a smartphone
may have cameras on its front and rear faces. One of the cameras may be active at
a given time, and a display of the smartphone may serve as a viewfinder for the

active camera.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Fig. 1 is a front view of an electronic device having a multiple position

camera according to an example implementation.

[0003] Fig. 1B is a rear view of the electronic device of Fig. 1A according to an

example implementation.

[0004] Fig. 2 is an illustration of a field of vision of the camera of Fig. 1A and an
effective field of vision obtained through the dynamic positioning of the camera

during image acquisition according to an example implementation.

[0005] Fig. 3 is a flow diagram depicting a technique to generate a panoramic

image according to an example implementation.

[0006] Fig. 4 is an illustration of a user-defined predetermined pattern for
acquiring images by a multiple position camera according to an example

implementation.

[0007] Fig. 5A is an example of a panoramic image acquired by a multiple

position camera according to an example implementation.

[0008] Fig. 5B is a front view of an electronic device illustrating selection of a left
boundary of the panoramic image of Fig. 5A according to an example

implementation.
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[0009] Fig. 5C is a front view of the electronic device illustrating selection of the
right boundary of the panoramic image of Fig. 5A according to an example

implementation.

[0010] Figs. 6 and 7 are perspective views of systems for controlling movement of

a multiple position camera according to example implementations.

[0011] Fig. 8 is an illustration of fields of vision for imaging elements of a fixed

multiple element imaging array according to an example implementation.

[0012] Fig. 9 is a flow diagram depicting a technique to provide data representing
a composite image from image data acquired by a fixed multiple element imaging

array according to an example implementation.

[0013] Fig. 10 is a schematic diagram of a physical machine according to an

example implementation.

DETAILED DESCRIPTION

[0014] In accordance with example implementations that are described herein, an
electronic device includes a multiple position camera, which emulates the movement
of the human eye to dynamically acquire a plurality of images (also called
"snapshots" and "pictures" herein) at multiple camera positions without the user
physically moving the electronic device. More specifically, in accordance with
example implementations, the camera is attached to a housing of the electronic
device using a mount, which allows an actuator of the camera to dynamically
position the camera as the camera acquires images. In this manner, in accordance
with an example implementation, the camera may be positioned over an azimuthal
angle range of up to 180 degrees and a polar angle range up to 180 degrees with

respect to the housing of the electronic device.

[0015]  The multiple position camera may be beneficial for various modes of
operation of the electronic device. For example, in a panoramic snapshot acquisition
mode of operation, the multiple position camera may acquire image data for a

panoramic snapshot (i.e., an image that spans beyond the field of vision of the
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camera) without the user of the electronic device physically moving the electronic
device. In this context, a "panoramic snapshot " or "panoramic image" refers to an
image that extends in at least one dimension beyond the camera's field of vision and
is generated by the camera by combining, or "stitching" together images that are
captured at multiple camera positions. For example, the width of the panoramic
snapshot may exceed the width of the camera's field of vision, and accordingly, the
camera may be moved in a left-to-right direction or in a right-to-left direction to
acquire multiple images that span the width of the panoramic snapshot. As other
examples, the panoramic snapshot may have a height that exceeds the height of the
camera's field of vision or may have both a width and a height that exceed the

corresponding dimensions of the camera's field of vision.

[0016]  The dynamic positioning and image capturing by multiple position camera
in connection with acquiring images for a panoramic snapshot eliminates human
error and/or uncertainty associated with the rate at which a human may otherwise
move the electronic device (for a fixed position camera) to acquire image data for the

panoramic snapshot.

[0017]  The multiple position camera may also be used in a successive snapshot
acquisition mode of operation (as called a "burst" mode of operation) in which the
electronic device may be programmed so that the multiple position camera captures
multiple images at multiple positions in a "burst," i.e., the camera captures the
images or snapshots at different locations in rapid time succession, such that the
snapshots are acquired one after another in a relatively short period of time. In this
manner, the electronic device may be programmed with a user-defined pattern of
target positions for acquiring multiple images at successive times without the user

moving the electronic device.

[0018]  Although a person may move an electronic device that contains a fixed
position camera for purposes of taking successive sequential snapshots, moving the
electronic device to aim the camera at one point and then another while taking
successive snapshots may adversely affect the snapshot quality. Moreover, it may

be difficult for a human to multitask by, for example, looking for a snapshot to be
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captured, capturing the snapshot relatively quickly and then repeating the process
multiple times to acquire other snapshots. This may be particularly challenging when
the user is actively paying attention to an event (a sporting event, for example).
Thus, the use of the multiple position camera and the successive snapshot
acquisition mode of operation means that the user of the electronic device may

rapidly acquire successive snapshots at different locations without moving.

[0019] The multiple position camera may also be used in a single snapshot
capture mode of operation of the electronic device in which the multiple position
camera captures a snapshot at an angle that is pre-selected by the user so that the
user does not otherwise assume an awkward posture (raising the electronic device
over the user's head, turning sideways, and so forth) to capture the snapshot.
Moreover, because the user may capture snapshots in the single snapshot capture
mode of operation or in any of the other modes of operation without physically
moving the electronic device or assuming a posture identifiable with picture taking,
the snapshots may be captured without raising awareness of the picture taking

activity.

[0020] Referring to Fig. 1A, as a more specific example, in accordance with some
implementations, the portable electronic device may be a smartphone, such as an
example smartphone 100 that is depicted in Fig. 1A. It is noted that other electronic
devices, both portable and otherwise, may contain a multiple position camera, in
accordance with further example implementations, such as a tablet, a convertible, a
laptop, an unmanned aircraft (or "drone"), a wearable electronic device, a medical
device, or in general, any electronic device that may be used to take or capture still

images (or snapshots or photographs) or video images.

[0021] In accordance with example implementations, the electronic device 100
includes one or multiple, multiple position cameras, such as a multiple position
camera 110 that is disposed on the front face of the electronic device 100 (the face
of the electronic device 100 containing a visual display 120, such as a touch screen)
and a multiple position camera 122 (Fig. 1B) that is disposed on the rear face of the

electronic device 100 (i.e., the camera 122 is disposed on the face of the electronic
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device 100 opposite the display 120). Referring to Fig. 1A, the camera 110, for this
example implementation, is disposed above the visual display 120 of the electronic
device 100. Thus, depending on the particle implementation, the electronic device
100 may have a single, multiple position camera on its front or rear face, or may
have a multiple position camera on its front face and a multiple position camera on
its rear face. In accordance with further example implementations, the electronic
device 100 may have more than two multiple position cameras; may have one or
multiple, multiple position cameras, along with one or multiple fixed position

cameras; and so forth.

[0022] In accordance with example implementations in which the electronic
device 100 has dual cameras, the electronic device 100 may be configured (via user
selection, for example) to have one of two camera modes of operation: a user facing
mode or a world facing mode. For the user facing camera mode, the display screen
120 displays a viewfinder image for the camera 110 as the display and the camera
110 acquires images directed toward the user (i.e., projecting outwardly from the
display screen 120). For the world facing mode, the rear facing camera 122
acquires images directed away from the rear face of the electronic device 100, and

the display screen 120 displays a viewfinder image for the camera 122.

[0023] In either the user or world facing camera modes, the display 122 may
display still or video images that are acquired by one its cameras. In this context, a
"snapshot," "image"or "photograph' that is acquired or captured by a camera refers
to a still image acquired due to a single camera shot, an image that coincides with a
video frame, an image acquired as part of a multiple set of images acquired, a
derived or constructed panoramic image, an image captured as part of a
predetermined pattern of images taken at different camera locations, and so forth.
Moreover, acquiring or capturing an image, snapshot or photograph refers to an
imager (an imaging array of the camera, for example) acquiring data, which

represents the image, snapshot or photograph.

[0024] In the following example implementations, it is assumed that the electronic

device 100 is in the world facing camera mode of operation, with the rear facing
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camera 122 capturing images and the visual display 120 displaying the images that
are acquired by the rear facing camera 122. It is noted that, however, in accordance
with further implementations, the electronic device 100 may be placed in a user
facing camera mode of operation, with the systems and techniques that are
described herein being applicable to the front facing camera 110 and the images

acquired by the camera 110.

[0025] Referring to Fig. 2 in conjunction with Fig. 1B, the camera 122 may have a
field of vision 204 that may be generally characterized as having an associated
height H; and an associated width W;. The user, however, may desire to capture a
larger image (a panoramic image or snapshot, for example), which is associated with
a larger field of vision 206 that may be characterized by a width W, and a height Ho.
As depicted in the example for Fig. 2, at least one of the height H, and width W, of
the field of vision 206 may exceed the corresponding dimension of the camera’s field
of vision 204. As such, for purposes of acquiring the larger image, the electronic
device 100, in the panoramic snapshot acquisition mode of operation, positions the
camera 122 at multiple locations, the camera 122 captures images at these
locations, and the electronic device 100 combines, or stitches, the multiple images
together to form a larger composite, panoramic image. It is noted that the images
that are captured by the camera 122 may be overlapping images (i.e., images
overlapping in one or multiple dimensions), in accordance with example

implementations.

[0026] For purposes of moving the camera 122, the electronic device 100 may
include an actuator 124 (See Fig. 1B), which is constructed to exert a force (or
forces) on the camera 122 to rotatably position the camera 122 about one or multiple
axes (as controlled by the camera's mount), in response to one or multiple control
signals that are provided by a controller 114. The controller 114 may also control
when the camera 122 acquires images. In this manner, for purposes of dynamically
positioning the camera 122 and acquiring multiple images, the controller 114 may
cause the actuator 124 to move the camera 122 to a first predetermined position,

cause the camera 122 to capture an image at the first predetermined position, cause
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the actuator 124 to move the camera 122 to a second predetermined position, cause

the camera 122 to capture another image, and so forth.

[0027] In accordance with example implementations, the controller 114 may, prior
to the taking of the images for a panoramic snapshot, receive user input to define the
boundaries of the range over which the camera moves and captures images.
Moreover, the controller 114 may further receive user input that defines the number
of images to capture during the dynamic positioning and image acquisition, or in
accordance with further example implementations, the controller 114 may determine
the number of images to acquire based at on the user-defined range. The controller
114 may further determine positions at which the images are to be acquired as the
camera 122 moves over the user-defined range. The controller 114 may then (in
response to the user pressing a snapshot “button”, for example) operate the actuator

112 to move the camera 122 and capture images at the predetermined positions.

[0028] Thus, referring to Fig. 3, in accordance with example implementations, a
technique 300 includes selecting (block 304) at least one boundary for a panoramic
image to be acquired by a camera of an electronic device and, based at least in part
on the identified boundary(ies), moving (block 308) the camera relative to a housing
of the electronic device to acquire data representing a plurality of images that are
associated with different imaged areas. The technique 300 includes processing

(block 312) the acquired data to construct the panoramic image.

[0029] In accordance with further example implementations, the electronic device
100 may operate in a successive snapshot acquisition mode of operation to acquire
snapshots at user-defined camera positions. In this manner, instead of defining the
range over which the camera 122 moves, the user may provide input selecting
positions at which the camera 122 is to acquire images. In this manner, as depicted
in Fig. 4 in an illustration 400, several camera target locations, or positions P, P, and
Ps may be preselected by the user (via one or more input devices of the electronic
device 100), and the controller 114 may thereafter control the position of the camera
122 for purposes of capturing images at the selected target positions. Fig. 4

illustrates the dynamic positioning of the camera 122. In particular, Fig. 4 depicts a



WO 2018/080455 PCT/US2016/058679

8

lens 123 of the camera 122 being oriented to such that an optical axis of the camera
122 is aligned in a direction 402 toward position P1. After acquiring the image
associated with position P1, the controller 114 may then reposition the camera 122
so that the optical axis of the camera 122 is aligned with a direction 404 toward
position P2. Subsequently, after acquiring the image associated with position P2,
the controller 114 may reposition the camera 122 so that the optical axis of the
camera 122 is aligned in a direction 406 toward position P3, where another image is

acquired.

[0030] Fig. 5A depicts an example scene 500 to be acquired by the electronic
device 100 for the panoramic snapshot acquisition mode of operation. For this
example, the scene 500 corresponds to a panoramic snapshot, as the field of vision
that is associated with the scene 500 exceeds the field of vision of the camera 122 in
at least one dimension. Figs. 5B and 5C illustrate how the user may select
boundaries for the panoramic snapshot. In particular, in accordance with example
implementations, Figs. 5B and 5C illustrate how the user may provide input to the
electronic device 100 using a graphical user interface (GUI) of the device 100 for
purposes of defining the boundaries of the panoramic snapshot. More specifically,
referring to Fig. 5B, in accordance with an example implementation, a GUI for the
electronic device 100 displays an overlay image 530 on top of a current viewfinder
image for the camera 122. The overlay image 530 for this example implementation
has directional arrows 532 that may be used, as described herein, to move the
camera 122 (via the actuator 124) for purposes of allowing the user to select the

boundaries of the panoramic snapshot.

[0031] For the example scenario that is depicted in Fig. 5B, the display 120
shows a viewfinder image that corresponds to the left hand portion 504 of the scene
500 in Fig. 5A, and the left side of the image position corresponds to the left
boundary 506 of the scene 500. The user may, through touch gestures (as an
example), interact with the GUI along directional arrows 532 of the overlay image
530 for purposes of panning, or moving, the camera 110 to acquire a different

viewfinder image. For example, the user may, through a swiping left-to-right touch
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gesture by the user’s finger 550 in the direction of the arrow 532-1, cause the
camera 122 to pan left until the left edge of the displayed viewfinder image
corresponds to the left boundary 506 of the panoramic image 506, as depicted in
Fig. 5B. When the displayed viewfinder image corresponds to a boundary for the
panoramic snapshot to be acquired, the user may then, for example, interact with the
GUI (tap on the display 120, for example) for purposes of indicating selection of a

boundary for the panoramic snapshot.

[0032]  Other boundaries of the panoramic snapshot may be selected in a similar
manner. For example, the user may, via the arrows 532, pan, or move, the camera
122 so that the camera 122 pans (as shown in the viewfinder image) to another
boundary of the panoramic image 500. For example, the user may pan the camera
122 right using a right-to-left swiping touch gesture in the direction of the arrow 532-2
until the viewfinder image on the display 120 corresponds to the right boundary edge
510 (Fig. 5A) of the panoramic image 500 to be acquired, as depicted in Fig. 5C. In
this manner, the right edge of the displayed viewfinder image in Fig. 5C corresponds
to the right boundary 512 (Fig. 5A) of the panoramic snapshot to be acquired. The
user may then interact with the GUI (tap on the display 120, for example) to indicate
the selection of the boundary (the right boundary 512 for this example). In a similar
manner, the user may select upper and lower boundaries of the panoramic image

500 if the panoramic image vertically exceeds the camera's field of vision.

[0033] The GUI may provide other features for the user and may provide other
ways to select the boundaries of the panoramic snapshot or image to be acquired, in
accordance with further example implementations. For example, in accordance with
some implementations, the GUI may display a viewfinder image, which itself may be
a panoramic image that is constructed by the electronic device causing the multiple
position camera 122 to move about one or multiple axes, acquire snapshots at the
corresponding multiple positions, and stitch together the snapshots to form the
viewfinder image. The viewfinder image may be a maximum-sized viewfinder image
(a panoramic image corresponding to the full, effective field of vision of the multiple

position camera), an image corresponding to the field of vision of the camera 122 in
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a single position, or an image sized somewhere in between. The GUI may display a
boundary frame, or box, on the viewfinder image, and the user may selectively size
and/or move the boundary box to select a portion of the viewfinder image for the
panoramic snapshot. In this manner, the user may preview a version of the
panoramic snapshot before depressing a button of the GUI to initiate capture of the

panoramic image.

[0034] Moreover, in accordance with some implementations, the GUI may display
an arrow, informing the user of a potential direction in which the boundary box may
be moved off screen to capture a different portion of the panoramic image. In
accordance with some implementations, the boundary box may highlight a particular
portion of the panoramic image to be acquired, allowing the user to select one or
more boundaries of the panoramic image. In accordance with some
implementations, the GUI may detect the user touching the boundary box for at least
a predetermined duration (a duration of three seconds, for example), so that after the
GUI detects the user touching or holding the boundary box for at least this duration,
the GUI may change the color of the box and/or arrow to represent that box has
been used to select corresponding boundaries for the panoramic snapshot.
Moreover, in accordance with some implementations, the GUI may provide haptic
feedback when the user taps and moves the boundary box. The boundary box may
also provide user feedback about what has been captured in the panoramic

snapshot so far as the camera moves and acquires snapshots.

[0035] In accordance with example implementations, the GUI may allow a user to
preselect the center of the panoramic picture with a tapping gesture on the display
where the user wants the center. The GUI may also allow the user to use one or
multiple other touch gestures (tap, double tap, drag, pinch, spread and rotate touch
gestures, as examples) to manipulate the position of the boundary box and/or resize
the box. In general, in accordance with example implementations, the boundary box
may allow the user to preselect the panoramic snapshot or preview the snapshot
before taking it; may provide orthogonal guidance for acquiring the panoramic

snapshot; and may allow through the widening or movement of the boundary box the
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cropping of sections that the user does not want to include in the picture. The GUI,
in accordance with example implementations, may also allow the user to adjust the

boundary box so that the panoramic snapshot is set to a higher or lower angle.

[0036] In accordance with example implementations, the electronic device 100
may contain a GUI that provides an overlay image similar to or the same as the
overlay image 530, for purpose of allowing a user to supply input to identify specific
positions at which the camera 122 acquires images for the successive snapshot

acquisition mode of operation.

[0037] In accordance with further example implementations, for purposes of
allowing a user to identify pre-selected locations at which the snapshots or images
are to be acquired during the successive snapshot acquisition mode of operation, a
GUI of the electronic device 100 may, for example, display a viewfinder image from
which the user may pre-select portions of the viewfinder image. In this manner, by
selecting the portions of the viewfinder image, the user also selects locations at
which the camera 122 acquires the snapshots. For example, the viewfinder image
may be the image of a football field, as seen through a spectator's smartphone
camera. The user may, for example, tap on the display screen of the smartphone for
purposes of selecting portions of the image of the football field, as seen in the
viewfinder image. These selected image portions may be, for this example, images

of different parts of the football field.

[0038] In accordance with example implementations, the GUI may display (below
the viewfinder image, for example) the selection image portions as thumbnail images
(i.e., smaller images) to allow the user to preview of each of the selected positions.
Moreover, in accordance with some implementations, the GUI may, in response to
the user selecting one of the thumbnail images (through a touch gesture, for
example), enlarge the thumbnail image. The GUI may also provide feedback
showing (through the thumbnail images) how many target locations have been
selected and how many are available to be selected (via blank thumbnail images, for
example). Moreover, in accordance with some implementations, the GUI may allow

the user to, through touch gestures, edit the thumbnail and/or viewfinder image size,
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replace a given thumbnail image (to correspondingly select another target location),
and so forth. Additionally, in accordance with some implementations, the GUI may

allow the user to save individual thumbnail images.

[0039] In accordance with some implementations, the electronic device 100 may
contain an engine that tracks objects associated with the thumbnail images. For
example, in accordance with some implementations, the engine may perform facial
recognition and/or eye tracking to track one or multiple persons in a given thumbnail
image. Therefore, in accordance with some implementations, in response to a
person in the thumbnail image moving, for example, the engine may acquire time

successive snapshots of the person (at different locations) as the person moves.

[0040] In accordance with example implementations, the electronic device 100
may provide a GUI that provides an overlay image similar to or the same as the
overlay image 530 to receive input to define a snapshot capture angle for the single
snapshot acquisition mode of operation. In this manner, in accordance with example
implementations, the GUI may display a viewfinder image, which itselft may be a
panoramic image, i.e., an image constructed by the electronic device causing the
camera to move over one or multiple axes to acquire images. The panoramic image
may be a maximum size panoramic image, i.e., the maximum size may be displayed
by the GUI, or a smaller, panoramic image. When displaying a smaller panoramic
image, the GUI may display, for example, a directional control button for purposes of
allowing the user to move a particular boundary of the displayed panoramic image,
increase a width or height of the displayed panoramic image, and so forth.

Moreover, in accordance with some implementations, the GUI may display one or
multiple directional arrows at boundaries of the displayed panoramic image for
purposes of indicating to the user that the displayed panoramic image may be
moved in a particular direction. Moreover, in accordance with some
implementations, the GUI may display a "maximum" button to allow the user to select
the button to obtain the maximum possible panoramic view. Moreover, the GUI may
display other features, such as features informing the user about the photograph size

versus the available storage space on the electronic device. Therefore, by moving
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the displayed panoramic image, the user may select a snapshot capture angle for
the single snapshot acquisition mode of operation. Thus, the user may be able to
drag, crop, modify and set the frames for image capture with touch gestures (as an

example) before the user depresses a button to acquire the snapshot.

[0041] Referring to Fig. 6, in accordance with example implementations, the
camera 122 may include a sphere-shaped body 604 (a plastic body, for example),
and the camera 122 may have an optical axis 602, which is aligned with the lens, or
optics 123, of the camera 122, as depicted in Fig. 6. In accordance with some
implementations, the controller 114 (Fig. 2) may provide signals (voltages produced
by a voltage regulator 615, for example) to control the currents in electroactive
polymer elements 614 (here, the actuator 124 (Fig. 2)) that are attached to the body
604 for purposes of moving the body 604 to a selected camera position. In this
manner, in accordance with example implementations, the camera 122 may have at
least two electroactive polymer elements 614 (four electroactive polymer elements
614-1, 614-2, 614-3 and 614-4 being depicted in Fig. 6) that are disposed on
opposite sides of a given axis about which the body 604 pivots. By controlling the
currents in the members 614, the controller 114 may correspondingly control the
position of the camera’s optical axis 602, i.e., control the direction in which the

camera acquires an image.

[0042]  Although not depicted in Fig. 6, the camera 122 may, in accordance with
example implementations, contain an imager within the body 604, electronics to
control the image capture and readout of data from the imager and wires that extend

from the body 604 to other circuitry of the electronic device 100.

[0043] In accordance with further example implementations, the electroactive
polymer elements 614 may be replaced with, for example, gears that are driven by
motors (here the actuator 124) to apply forces to predetermined parts of the body
604 for purposes of rotating and/or positioning the body 604; pulleys that are
operated by motors for purposes of retracting and unreeling members connected to
the body 604 for purposes of controlling the body’s position; tracks; or other such

mechanisms.
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[0044] Referring to Fig. 7, in accordance with an example implementation, the
body 604 may be mounted in a three axis gimbal mount 700. The gimbal mount 700
includes three gimbals 710, 714 and 718, which are constructed to pivot, or rotate,
about corresponding orthogonal axes 726, 728 and 730, respectively, as controlled

by electrical linear stepper motors 754, 758 and 750, respectively.

[0045]  Other implementations are contemplated for actuating and mounting the
camera, in accordance with further example implementations. For example, in
accordance with further example implementations, the body 604 may be mounted in
a synovial joint or may be positioned as part of a jointed mechanical arm. As
another example, the body 604 may be mounted to move along a curved track. As
another example, in accordance with further implementations, the body 604 may
contain magnets so that an electromagnetic field that is controlled by currents in
surrounding electrical windings may be regulate to controllably position the body
604.

[0046] Referring to Fig. 8, in accordance with further implementations, a portable
electronic device 804 (a smartphone, for example) may, include a fixed array 822 of
cameras The cameras of the array 822 have optical axes that are oriented in
different directions corresponding to overlapping fields 810 of vision. As such, an
image rendering engine 808 of the electronic device 804 may process image data
acquired by the cameras of the array 822 (i.e., image data representing multiple
images, or snapshots captured by the array 822) for purposes of combining the
image data to generate, in general, a composite image that may be derived from any
part of the overall field of the area that is imaged by the array 822. As such, the
image rendering engine 808 may process the image data from the array 822 to

derive a snapshot from a selected part of the imaged area.

[0047] A display 816 of the electronic device 804 may, for example, display a
viewfinder image that may represent all or part of a composite image derived from
the images that are captured by the cameras of the imaging array 822. Through
interaction with the display 816 of the electronic device 804, a user may, for

example, refine the boundaries of an image to be provided by the rendering engine
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808. In accordance with some implementations, the final composite image may be a
panoramic image that extends in at least one dimension beyond the field of vision
that is associated with the array 822, and the electronic device 804 may provide a
GUI to select boundaries of the panoramic image, as described herein. Moreover, in
accordance with example implementations, the electronic device 804 may provide a
GUI to select a viewing angle and boundaries of an image to be provided by the

rendering image 808, described herein.

[0048] In accordance with example implementations, the electronic device 804
may provide a GUI to select time sequenced positions associated with multiple
images that are to be provided by the rendering engine 808, i.e., select target
positions associated with a "burst" of acquired snapshots in the successive snapshot
acquisition mode of operation for the electronic device. For example, the array 822
may capture composite images from the same imaged area at successive times, and
the GUI may define different portions of the composite image (associated with
different effective camera positions) from which the rendering engine 808 provides

images corresponding to the times and positions.

[0049] In accordance with example implementations, each camera of the array
811 may acquire an image that is distorted near the boundaries of its captured
image. In this manner, Fig. 8 depicts a field of vision 810-1 for a given camera of the
array 822. The field of vision 810-1 has an associated non-degraded region 812, as
compared to the remaining portion of the field of vision 810-1, which is associated
with a degraded image. The degraded portion or portions of a captured image may
be due to an optical aberration that results in a blurring in the degraded image
region. Because the images from the cameras overlap, the degraded portions of
these camera images may be removed to enhance the quality of the composite
image that is formed from the camera images. In this manner, in accordance with
example implementations, the rendering engine 808 may filter the camera images by
applying a predefined spatial boundary to the image acquired by each camera for

purposes of extracting an image that is assumed to be associated with the non-
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degraded portion of the image; and the rendering engine 808 may combine the

extracted non-degraded image portions to form the composite image.

[0050]  Thus, referring to Fig. 9 in conjunction with Fig. 8, in accordance with
some implementations, the portable electronic device 804 performs a technique 900
that is depicted in Fig. 9. Pursuant to the technique 900, the electronic device 804
receives (block 904) input that identifies the boundaries of a composite image to be
acquired by an array of cameras. The technique 900 includes receiving (block 908)
image data acquired by the array of cameras. Each camera has an associated field
of vision, at least some of the fields of vision overlap each other, and at least one
field of vision of one of the cameras is associated with a first region that has a
degraded quality relative to a second region of the field of vision. The technique 900
includes processing (block 912) the image data to provide data representing the
composite image, based at least in part on the identified boundaries and the

identification of the first region.

[0051] Referring to Fig. 10, in accordance with some implementations, the
electronic devices that are described herein may be formed by one or multiple
physical machines, such as physical machine 1000 that is depicted in Fig. 10. In
general, the physical machine 1000 is an actual machine that is made up of
hardware 1010 and machine-executable instructions (or “software” 1050.) In
general, the hardware 1010 may include one or multiple cameras 1016. In this
manner, the camera 1016 may be a multiple position camera and/or the hardware
1010 may include multiple cameras 1016 that are part of a fixed array of cameras.
Moreover, in accordance with example implementations, the hardware 1010 may
include multiple, multiple positon cameras 1016. The hardware 1010 may also
include one or multiple camera actuators 1028 for purpose of positioning one or
multiple, multiple position cameras, as well as one or multiple mounts (not shown) for

the multiple position camera(s).

[0052]  The hardware 1010 may also include one or multiple processors 1014
(one or multiple central processing units (CPUs), processing cores, and so forth),

which execute the machine-executable instructions 1050 for purposes of performing
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one or more of the techniques that are disclosed herein. In this manner, a memory
1018 of the hardware 1010 may store program instructions that when executed by
one or multiple processors 1014 cause the processor(s) to control the position of a
multiple position camera 110; provide one or multiple GUIs to define panoramic
image boundaries, camera angles and camera positions; stich together images to
form composite images; filter degraded portions from camera-acquired images; and

so forth.

[0053] The memory 1018, in general, is a non-transitory storage medium that
may store, as examples, data acquired by the camera; machine-executable
instructions that are executed by the processor(s) 1014; data representing a
panoramic snapshot or image; data representing multiple images captured by an
array of fixed positon cameras; data representing multiple images captured by a
multiple positon camera at different positions of the camera; and so forth. The
memory 1018 may be formed from semiconductor storage devices, memristors,
magnetic storage devices, phase change memory devices, a combination of one or
more of these storage technologies and so forth, depending on the particular

implementation.

[0054] In accordance with example implementations, the machine-executable
instructions 1050 may include instructions 1059, that when executed by the
processor(s) 1014 cause the processor(s) 1014 to form a camera controller engine
1056 to interact with a camera actuator to control a multiple position camera, as
described herein Moreover, the machine-executable instructions 1050 may include
instructions 1058 that when executed by the processor(s) 1014 cause the
processor(s) 1014 to display a GUI for purposes of receiving user input defining
camera positions, image boundaries; panoramic image boundaries, and so forth.
The machine-executable instructions 1050 may further include instructions 1058 that
when executed by the processor(s) 1014 may cause the processor(s) 1014 to render
images acquired by the camera, such as stitching together multiple images to form a
panoramic snapshot, combining images to remove degraded image portions, and so

forth. Moreover, the machine-executable instructions 1050 when executed by the
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processor(s) 1014 may cause the processor(s) 1014 to provide many other
components, such as instructions 1062 to form one or multiple applications,

instructions 1066 to form an operating system 1066, and so forth.

[0055] In accordance with further example implementations, all or part of the
above-described processor-based components may be replaced by a dedicated,
hardwired circuitry or by one or multiple application specific integrated circuits
(ASICs).

[0056]  Other implementations are contemplated, which are within the scope of
the appended claims. For example, for example implementations that are described
herein, the electronic device may contain a visual display may be used for such
purposes as selecting boundaries of a panoramic image to be captured, selecting
target positions for the successive snapshot mode of acquisition, selecting the
viewing angle, and so forth. However, in accordance with further example
implementations, the electronic device that contains a multiple position camera may
not contain a visual display. In this manner, parameters for the particular capture of
one or multiple snapshots or images by the electronic device may be provided using
input and/or output devices for the electronic device, other than visual display-based
devices. For example, an electronic device that contains a multiple position camera
may be a wearable device, such as a watch, and the user may select parameters for
image capture using one or multiple buttons of the watch. As another example, an
electronic device that contains a multiple position camera may be an unmanned
aircraft, or drone, and the user may select one or more image capturing parameters
by wirelessly communicating with the drone(on which the camera is mounted)

through another device (a handheld smartphone or laptop, for example).

[0057]  Wnhile the present invention has been described with respect to a limited
number of embodiments, those skilled in the art, having the benefit of this disclosure,
will appreciate numerous modifications and variations therefrom. It is intended that
the appended claims cover all such modifications and variations as fall within the

true spirit and scope of this present invention.
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WHAT IS CLAIMED IS:

1. An electronic device comprising:

a multiple position camera to acquire a plurality of images associated with a
first field of vision, the camera comprising having an associated second field of vision
less than the first field of vision;

an input device to receive input to identify the first field of vision; and

an actuator to move the camera to acquire the plurality of images at multiple

positions based at least in part on the input.

2. The electronic device of claim 1, further comprising:

a controller to control the actuator to move the camera based at least in part
on the input; and

a processor-based engine to combine data associated with the plurality of

images to form a panoramic image.

3. The electronic device of claim 1, further comprising:
a housing; and
a mount to hold the camera and allow the camera to pivot about at least one

axis relative to the housing to acquire the plurality of images.

4. The electronic device of claim 3, wherein the input device comprises a touch
screen to display a viewfinder image acquired by the camera and receive a touch-

based input to select the boundaries.

. The electronic device of claim 3, wherein the mount comprises a socket or a
gimbal.
6. The electronic device of claim 1, wherein the actuator comprises a motor, an

electromagnet or an electroactive polymer.
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7. The electronic device of claim 1, wherein the data identifies a pattern of time

sequenced locations to acquire the plurality of images.

8. The electronic device of claim 1, wherein the data identifies boundaries of the

first field of vision.

9. An article comprising a non-transitory computer readable storage medium to
store instructions that when executed by a computer cause the computer to:

receive input representing boundaries of a composite image to be acquired by
an array of cameras, wherein each camera has an associated field of vision, at least
some of the fields of vision overlap each other, and at least field of vision is
associated with a first region that has a degraded quality relative to a second region
of the field of vision;

receive image data acquired by the array of cameras; and

based at least in part on the identified boundaries of the composite image and
identification of the first region, process the image data to provide data representing

the composite image.

10.  The article of claim 9, wherein:

the computer comprises a housing;

the computer comprises a touch screen; and

the storage medium to store instructions that when executed by the computer
cause the computer to receive the input in response to physical interaction with the

touchscreen.

11.  The article of claim 9, wherein the storage medium to store instructions that
when executed by the computer cause the computer to change a viewing angle

associated with the composite image in response to input.



~N O O AN - A WO N -

—_—

WO 2018/080455 PCT/US2016/058679

21

12.  The article of claim 9, wherein the storage medium to store instructions that
when executed by the computer cause the computer to provide a graphic user
interface on a display of the computer to allow entry of the input representing the

boundaries in response to a viewfinder image being displayed on the display.

13. A method comprising:

selecting at least one boundary for a panoramic image to be captured by a
camera of an electronic device;

based at least in part on the at least one selected boundary, moving the
camera relative to a housing of the electronic device to acquire data representing a
plurality of images associated with different imaged areas; and

processing the acquired data to construct the panoramic image.

14.  The method of claim 13, wherein panoramic image is associated with a region
defined by the at least one boundary and moving the camera comprises moving the

camera such that the different imaged areas cover the region.

15. The method of claim 13, wherein processing the acquired data comprises

stitching the plurality of images together to form the panoramic image.
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