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CAMERA ASSEMBLY FOR ELECTRONIC
DEVICES

BACKGROUND

[0001] Embodiments of the present disclosure generally
relate to electronic devices that include camera assemblies.
[0002] In recent years, various types of electronic devices
have been developed, such as personal computers, tablet
devices, smart phones and the like. Modern electronic
devices offer a variety of features, some of which utilize a
camera that is built into the housing of the electronic device.
A basic use of cameras, that are integrated into electronic
devices, relate to the capture of still and video images of the
user and surrounding environment, such as during a bidi-
rectional audiovisual communication session (e.g. a Face-
Time session, a videoconferencing session and the like). For
example, conventional laptop computers position the inte-
grated camera within a bezel surrounding the display. The
camera is generally centered above the display in order to
capture the user’s image while watching the display or
otherwise interacting through the laptop computer during an
audiovisual communications session.

[0003] However, as technology advances, the form factor
of electronic devices continues to be reduced. As the size of
electronic devices is reduced, the real estate available for
holding a camera becomes more challenging. For example,
in laptop computers, as the computer’s dimensions are
reduced, the space within the bezel surrounding the display
similarly is reduced. The reductions in real estate are not
limited to the XY direction across the width and height of the
device housing (or display part). In addition, technology and
manufacturing processes continue to evolve that allow elec-
tronic devices to be made thinner and thinner (as measured
in the easy direction when closed). Accordingly, the
“Z-height” (or thickness) of the computer continues to
reduce which reduces the depth within the display part of the
housing.

[0004] To further complicate the foregoing challenges, an
ongoing demand exists to provide more enhanced features in
electronic devices. Some enhanced features relate to
enhanced camera functionality. By way of example, a
demand exists for cameras that support infrared (IR) func-
tions such as in connection with the gaze detection, eye
tracking, facial detection, iris authentication and the like.
Cameras that offer enhanced features, such as IR functions
or otherwise, have a corresponding larger form factor, as
compared to cameras with fewer features. The feature rich
cameras utilize lenses and other components that result in a
bigger or thicker camera module, as compared to cameras
with minimal features. Consequently, a difficulty exist in
positioning feature rich cameras within electronic devices
having smaller and smaller overall form factors.

[0005] A need remains for small form factor electronic
devices having feature-rich cameras integrated therein and
methods of utilizing such electronic devices.

SUMMARY

[0006] In accordance with an embodiment, an electronic
device is provided that comprises a housing, a processor and
memory provided within the housing, a keyboard on the
housing and a display. A camera assembly includes a camera
and a camera support member having first and second ends.
The camera is provided on the camera support member
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proximate the first end. The second end movably connected
to the housing such that the camera support member may be
moved from a closed state to an open state.

[0007] Optionally, the camera support member includes
inner and outer arms connected to one another in a tele-
scoping manner such that the inner arm contracts into the
outer arm when in the closed state and the inner arm at least
partially extends from the outer arm when in the open state.
The outer arm includes an interior elongated cavity extend-
ing along a length of the outer arm. The cavity including a
retention element engaging the inner arm and maintaining
the inner and outer arms at one or more predetermined
positions relative to one another when extended. The camera
support member includes a hinge element provided at the
second end. The hinge element rotatably is coupled to the
camera support member to the upper face of the housing.
[0008] Optionally, the upper face of the housing includes
a recessed pocket shaped and dimensioned to receive the
camera support member and camera when in the closed
state. The camera is pivotally connected at the first end to the
camera support member such that the camera rotates about
a longitudinal axis of the camera support member when in
the open state. The camera includes a lens optically coupled
to a digital camera circuit, the lens provided at an outer end
of the camera support member, the digital camera circuit
held within the camera support member. Optionally, the
camera support member includes a communications inter-
face mounted thereon. The communications interface
detachably coupling to a corresponding communications
port on the electronic device such that the camera support
member is physically and electrically attachable and detach-
able from the electronic device.

[0009] The keyboard includes multiple keys and the cam-
era assembly is at least partially housed within one of the
keys. The camera assembly including a lens that is provided
in a face of the corresponding key, the corresponding key
rocking between opened and closed states to expose and
cover the lens. The keyboard includes a barrel assembly
located along at least a portion of a row of keys on the
keyboard. The barrel assembly includes the camera
assembled. The barrel assembly including at least one key
thereon that is exposed when the barrel assembly is rotated
to a first position. The camera assembly is positioned in the
open state when the barrel assembly is rotated to a second
position.

[0010] In accordance with an embodiment, a method is
provided for an electronic device with an adjustable camera
assembly. The electronic device provides a housing, a pro-
cessor and memory provided within the housing, a keyboard
on the housing and a display. The method comprises pro-
viding a camera assembly including a camera and a camera
support member having first and second ends. The camera
provided on the camera support member proximate to the
first end. The second end movably connected to the housing
such that the camera support member may be moved from
a closed state to an open state.

[0011] Optionally, the camera support member includes
inner and outer arms. The method further comprises acti-
vating the camera assembly by extending at least partially
the inner and outer arms relative to one another in a
telescoping manner to the open state. The method further
comprises maintaining the inner and outer arms at one or
more predetermined positions relative to one another when
extended. The method further comprises rotatably coupling
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the camera support member to an upper face of the housing
and positioning the camera assembly within a recessed
pocket in an upper face of the housing when in the closed
state.

[0012] Optionally, the method further comprises pivotally
connecting the camera to the first end to the camera support
member such that the camera rotates about a longitudinal
axis of the camera support member when in the open state.
The method comprises processing video data captured by
the camera assembly to at least partially remove a spidering
effect. The keyboard includes multiple keys and the camera
assembly is housed within one of the keys. The method
further comprising rotating the corresponding key between
opened and closed states.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates an overview of an electronic
device formed in accordance with embodiments herein.
[0014] FIG. 2 illustrates the camera assembly when in an
open state in accordance with embodiments herein.

[0015] FIG. 3Aillustrates an example of a camera support
member formed in accordance with embodiments herein.
[0016] FIG. 3B illustrates an example of a camera support
member formed in accordance with embodiments herein.
[0017] FIG. 3C illustrates a side sectional view of a
retention section of the camera support member in accor-
dance with an embodiment herein.

[0018] FIG. 3D illustrates a side sectional view of a
retention section of the camera support member in accor-
dance with an embodiment herein.

[0019] FIG. 4A illustrates enlarged views of a portion of
the main body part of the housing, as well as, the recessed
pocket and a lower portion of the camera support member
when in an open state in accordance with embodiments
herein.

[0020] FIG. 4B illustrates enlarged views of a portion of
the main body part of the housing, as well as, the recessed
pocket and a lower portion of the camera support member
when in a closed state in accordance with embodiments
herein.

[0021] FIG. 5 illustrates a side view of an outer portion of
the camera support member and camera in accordance with
an embodiment herein.

[0022] FIG. 6 illustrates a perspective view of a camera
assembly formed in accordance with embodiments herein.
[0023] FIG. 7A illustrates a front perspective view of an
electronic device formed in accordance with an embodiment
herein.

[0024] FIG. 7B illustrates a front perspective view of the
electronic device with the camera assembly extended to a
full telescope length in accordance with an embodiment
herein.

[0025] FIG. 8 illustrates a perspective view of a camera
assembly formed in accordance with embodiments herein.
[0026] FIG. 9A illustrates a camera assembly formed in
accordance with an alternative embodiment.

[0027] FIG. 9B illustrates a side view of the camera
assembly when the key is in the open state and in the closed
state in accordance with embodiments herein.

[0028] FIG. 10 illustrates a side perspective view of an
electronic device that includes a camera assembly formed in
accordance with an alternative embodiment.

[0029] FIG. 11 illustrates a block diagram of an electronic
device in accordance with embodiments herein.
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DETAILED DESCRIPTION

[0030] It will be readily understood that the components of
the embodiments as generally described and illustrated in
the figures herein, may be arranged and designed in a wide
variety of different configurations in addition to the
described example embodiments. Thus, the following more
detailed description of the example embodiments, as repre-
sented in the figures, is not intended to limit the scope of the
embodiments, as claimed, but is merely representative of
example embodiments.

[0031] Reference throughout this specification to “one
embodiment” or “an embodiment” (or the like) means that
a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment. Thus, appearances of the phrases “in one
embodiment” or “in an embodiment” or the like in various
places throughout this specification are not necessarily all
referring to the same embodiment.

[0032] Furthermore, the described features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. In the following description,
numerous specific details are provided to give a thorough
understanding of embodiments. One skilled in the relevant
art will recognize, however, that the various embodiments
can be practiced without one or more of the specific details,
or with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described in detail to avoid obfuscation.
The following description is intended only by way of
example, and simply illustrates certain example embodi-
ments.

[0033] In accordance with embodiments herein, an elec-
tronic device is provided with a camera assembly that is
movably mounted to the housing of a main body part of the
electronic device. The camera assembly is constructed to
rotate or otherwise move from a closed state position to an
upright open state position. The camera assembly is also
configured to extend to one or more select heights relative to
the upper face of the device housing. In certain environ-
ments, it may be desirable to position the camera assembly
with the camera at a height corresponding to the middle of
the display screen in order to provide eye to eye contact
during communications. By locating the camera generally
even with the middle of the display screen, less perspective
distortion is provided. For example, the camera avoids
providing the impression of looking downward onto the
forehead of the user or upward at the chin and nose of the
user. Optionally, the camera may be rotated 360° (or 180° in
either direction). The camera may be rotated to face away
from the user or to face the user. For example, it may be
desirable to have the camera face away from the user such
as when in a conference room environment in order to direct
the camera at other individuals in the conference room. The
camera assembly is collapsible and closed into the housing
of the electronic device to provide added security. The
camera assembly is automatically turned off when in the
closed state in order to save power.

[0034] FIG. 1 is a perspective view of an electronic device
10 according to one embodiment. The electronic device 10
includes a housing 40 that holds various mechanical and
electrical components depending upon the nature of the
electronic device 10. The housing 40 includes a display part
14 and a main body part 16. FIG. 1 shows a state where the
display part 14 is opened from the main body part 16 via a
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hinge mechanism 12, and 12R until they become oriented
at a select angle relative to one another. FIG. 2 is a side view
illustrating one example of the usage form as a laptop PC of
the electronic device 10 shown in FIG. 1.

[0035] The electronic device 10 according to an embodi-
ment is a convertible tablet personal computer (convertible
PC), which can be used preferably as a laptop PC in the state
where the display part 14 is rotated to an angular position
relative to the main body part 16 (see FIG. 1 and FIG. 2), and
can be used preferably as a tablet PC in the state where the
display part 14 is rotated to the 360-degree position relative
to the main body part 16 (not shown). An embodiment is
applicable not only to such a convertible PC but also to any
electronic devices including a display part that is rotatable to
the 360-degree position relative to a main body part, such as
a mobile phone, a smartphone, or an electronic notebook.
[0036] The following description is based on the usage
form as a laptop illustrated in FIGS. 1 and 2, and viewed
from a user who manipulates a keyboard 20 and a click pad
19 disposed at an upper face 15 of the main body part 16
while viewing a display 18 disposed at a front face 11 of the
display part 14, a front side is referred to as a front side
(forward) and a back side is referred to as a back side
(backward), the thickness direction of the main body part 16
is referred to as a vertical direction, and the width direction
is referred to as a horizontal description.

[0037] As illustrated in FIG. 1, the electronic device 10
includes the display part 14 having the display 18 and the
main body part 16 having the keyboard 20. The display part
14 and the main body part 16 are joined rotatably from the
0-degree position to the 360-degree position via a pair of the
left and right hinge mechanisms 121 and 12R (hereinafter
called “hinge mechanism 12” collectively).

[0038] The display part 14 is electrically connected to the
main body part 16 via a not-illustrated cable passing through
the hinge mechanism 12. The display 18 includes a touch-
screen type liquid crystal display, for example. The main
body part 16 includes a main body chassis 22 having a
flat-box shape, at a back-end edge of which the hinge
mechanism 12 is disposed, and the main body chassis 22
stores various electronic components that are not illustrated
therein, such as a board, an arithmetic unit and a memory.
The keyboard 20 disposed at the upper face 15 of the main
body part 16 includes a plurality of keys 30 and a bezel 32
provided at the periphery of the keys 30. The bezel 32 is a
frame body made up of one plate member having a plurality
of holes (not shown) for insertion of the keys 30 there
through. The bezel 32 can move vertically in an opening of
the upper face 15 of the main body part 16, specifically in
an opening 23 at an upper cover 22a of the main body
chassis 22 to dispose the keyboard 20, and such vertical
operation (advancing/retracting operation) and the rotation
operation of the display part 14 via the hinge mechanism 12
are performed in a ganged manner.

[0039] The device 10 also includes a camera assembly 49
that includes a camera 50 provided on a camera support
member 54. FIG. 2 better illustrates the camera assembly 49
when in an open state. The camera support member 54
includes first and second ends 56 and 58 (also referred to as
an outer end 56 and a base and 58). The camera 50 is
mounted to the first/outer end 56. The camera 50 may be
mounted in a fixed or pivotal relation relative to the camera
support member 54. The second base end 58 is movably
connected to the housing 40 such that the camera support
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member 54 may be moved from a closed state (FIG. 1) to an
open state (FIG. 2). The housing 40 includes a recessed
pocket 42 formed into the upper face 15. The recessed
pocket 42 is shaped and dimensioned to receive the camera
support member 54 and camera 50 when in the closed state.
By way of example, the recessed pocket 42 may be suffi-
ciently deep in the Z direction that, when in the closed state,
an outer surface of the camera support member 54 rests
below or is flush with the upper face 15 of the housing 40.
[0040] FIGS. 3A and 3B illustrate an example of a camera
support member 54 formed in accordance with embodiments
herein. FIG. 3A illustrates the camera support member 54
when in an extended state, while FIG. 3B illustrates the
camera support member 54 while in a contracted state. The
camera support member 54 includes inner and outer arms 60
and 62 that are connected to one another in a telescoping
manner. The inner and outer arms 60 and 62 are elongated
and oriented to extend along a common longitudinal axis 64.
The outer arm 62 includes an interior cavity 66 that is shaped
and dimensioned to receive the inner arm 60. The inner arm
60 moves in the direction of arrows 68 and 70 when
contracting and extending. The outer end 56 of the inner arm
60 is securely or pivotally mounted to the camera 50. The
base end 58 of the outer arms 62 is configured to be pivotally
(or otherwise) mounted to the housing 40 of the electronic
device 10. While not shown, wires extend through the inner
and outer arms 60, 62 to connect the camera 50 to the
electronic components within the electronic device 10.
[0041] As shown in FIG. 3A, the inner arm 60 telescopes
out of the outer arms 62 when in the extended state (which
corresponds to the open state as illustrated in FIG. 2). As
shown in FIG. 3B, the inner arm 60 telescopes/contracts into
the outer arm 62 when in the collapsed state (which corre-
sponds to the closed state as illustrated in FIG. 1). In the
example of FIGS. 3A and 3B, the camera 50 is illustrated to
have a cross-sectional shape/size (e.g. outer diameter) that
substantially corresponds to a cross-sectional shape/size
(e.g. outer diameter) of the outer arm 62 such that, when in
the collapsed/closed state, an outer envelope of the camera
50 generally conforms to the outer envelope of the outer arm
62.

[0042] Optionally, the camera 50 may be constructed in
alternative manners such that the form factor of the camera
50 differs from the illustrated shapes. For example, the
camera 50 may be constructed to have an outer form factor
that generally conforms to or is smaller than the outer
diameter of the inner arm 60. For example, the camera 50
may be constructed to have an outer diameter that is similar
to the outer diameter of the inner arm 60 such that, when in
the contracted/closed state, the camera 50 may fit into the
cavity 66 of the outer arm 62.

[0043] In the example of FIGS. 3A and 3B, the base end
58 of the camera support member 54 is constructed with a
hinge element 74 (e.g., a pin or bracket). A beveled surface
72 avoids interference with the housing 40 when the camera
support member 54 is rotated about the hinge element 74
between opened and closed positions/state.

[0044] FIGS. 3C and 3D illustrate a side sectional view of
a retention section of the camera support member 54 in
accordance with an embodiment herein. FIGS. 3C and 3D
illustration the interior cavity 66 in more detail within the
outer arm 62. The interior cavity 66 is elongated and extends
along a length of the outer arm 62. The cavity 66 includes
a retention element 90 that engages the inner arm 60 and
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maintains the inner and outer arms 60, 62 at one or more
predetermined positions relative to one another when
extended at least partially.

[0045] By way of example, the cavity 66 may have a
lateral width 67 that is greater than the diameter of the inner
arm 62 to provide a peripheral area 92 that receives a
retention element 90. The inner arm 60 may also include a
flange 61 extending about a circumference of the inner arm
60 and located at an intermediate point along the length of
the inner arm 60. The retention element 90 is held between
the flange 61 and a base 69 of the cavity 66.

[0046] As one example, the retention element 90 may
represent a spring that is wound about an exterior surface of
the inner arm 60. When the inner arm 60 is contracted (as
shown in FIG. 3C), the retention element 90 (spring) is
compressed between the base 69 and flange 61. When the
inner arm 60 is extended (as shown in FIG. 3D), the
retention element 90 expands. In one embodiment, the
retention element 90 may apply an outward force against the
flange 61 in order to cause the inner arm 60 to “pop” out
from the outer arm 62. Optionally, the retention element 90
may be constructed from other structures, other than a
spring. The retention element 90 applies sufficient force
(e.g., in the direction of arrow A or as a frictional force) to
maintain the inner arm 60 in a select position when in the
open state. Accordingly, the retention element 90 may
actively force the inner arm 60 to extend (such as when a
spring is used). Optionally, the retention element 90 may
simply hold the inner arm 60 at any position to which a user
manually adjusts the camera 50.

[0047] As one example, the retention element 90 may
simply represent a coating or other layer to from a frictional
interface between an exterior surface of the inner arm 60 and
the surface of the cavity 66. The frictional interface of the
retention element 90 may be created by various coatings or
other layers applied to the adjoining surfaces of the inner
arm 60 and cavity 66. The amount of friction may be
predetermined to maintain the inner arm 60 at any extended
position relative to the outer arm 62 as set by the user. For
example, when the user opens the camera support member
54, the user may pull up on the outer end 56 and camera 50
until the inner arm 60 extends a desired distance from the
outer arm 62. The inner arm 60 may be extended a very
small amount or fully extended (e.g. 10 to 100% extended).
The frictional interface between the inner arm 60 and cavity
66 maintains the amount of extension as set by the user.

[0048] Optionally, the retention element 90 may represent
a threaded interface wherein the exterior surface of the inner
arm 60 and interior surface of the cavity 66 include mating
threads. When a threaded interface is used as the retention
element 90, the inner arm 60 may be extended and con-
tracted by “unscrewing” and “screwing in” the inner arm 60
relative to the outer arm 62.

[0049] FIGS. 4A and 4B illustrate enlarged views of a
portion of the main body part 16 of the housing 40, as well
as, the recessed pocket 42 and a lower portion of the camera
support member 54 when in an open state (FIG. 4A) and
when a closed state (FIG. 4B). As a point of reference, the
upper face 15 of the main body part 16 is illustrated. As
shown in FIG. 4B, an outer surface of the camera support
member 54 is below of flush with the upper face 15 of the
main body part 16 when in the closed state. The camera
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support member 54 pivots at a hinge element 74, along an
arcuate path as denoted by arrow 78 when moved between
the open and close states.

[0050] The recessed pocket 42 includes a floor 80 that is
spaced a depth below the upper face 15 based upon a width
or thickness of the camera support member 54. Optionally,
the pocket 42 may include a rear wall 82 that is positioned
relative to the hinge element 74 such that, when in the open
state, the outer arm 62 abuts against the rear wall 82 to
provide support and to define an outer limit for a range of
arcuate motion over which the camera support member 54 is
permitted to rotate. For example, the rear wall 82 may be
positioned relative to the hinge element 74 to define an
angular limit between the camera support member 54 and
the upper face 15 when in the fully open state. As illustrated
in FIGS. 4A and 4B, the beveled surface 72 rotates past the
rear wall 82 to avoid interference there between when
transitioning between the open and closed states.

[0051] FIG. 5 illustrates a side view of an outer portion of
the camera support member 54 and camera 50 in accordance
with an embodiment herein. In the example of FIG. 5, the
camera 50 is pivotally mounted by a post 84 to the outer end
56 of the camera support member 54. The post 84 permits
the camera 50 to rotate about the longitudinal axis 64, such
as in the direction illustrated by arrow 86. By way of
example, it may be desirable to pivotally connect the camera
50 enable the camera 50 to be rotated during use to capture
different scenes and to adjust the field of view. Optionally,
the camera 50 may be fixedly mounted to the outer end 56
such that no pivotal rotation or other type of movement is
permitted relative to the camera support member 54.

[0052] The camera 50 may freely rotate 360° with restric-
tion, or rotate up to a rotational limit in opposite directions
(e.g., 90°-180° in opposite directions). A wire 85 may
extend from the camera 50 to the electronics in the electronic
device 10 to support communication there between. Option-
ally, the camera 50 may communicate with one or more
processors in the electronic device 10 through a wireless
connection (e.g., Bluetooth, WiFi, etc.).

[0053] FIG. 6 illustrates a perspective view of a camera
assembly 610 formed in accordance with embodiments
herein. The camera assembly 610 is mounted to an upper
face 615 of the housing 640 of an electronic device. The
upper face 615 includes a recessed pocket 642 that is
elongated and shaped to receive the camera assembly 610
when in a closed state. The camera assembly 610 includes an
inner arm 660 and an outer arm 662 that telescope relative
to one another. In the example of FIG. 6, the inner and outer
arms 660 and 662 have rectangular cross-sections. Option-
ally, various shapes may be utilized for the arms 660 and
662. An outer end 656 of the arm 660 includes a lens 620
that has a corresponding field of view 622. The lens 620 is
optically coupled to a digital camera circuit 624 which is
housed within the camera support member 654, such as
within the inner arm 660. As one non-limiting example, the
circuit 624 may represent a charge coupled device (CCD)
having an optical input with an array of pixels aligned with
the lens 620. The lens 620 focuses images from the field of
view 622 onto the CCD within the circuit 624 which
measures the color, brightness and other information in
connection with each pixel within the CCD. The circuit 624
provides still and video images/frames of the field of view
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622. It is recognized that various types of cameras, lenses
and circuits may be utilized in accordance with embodi-
ments herein.

[0054] As noted above, the lens 620 may be swiveled,
such as denoted by arrow B, to adjust the field of view 622.
In addition, the camera support member 654 may be tilted/
pivoted in an arcuate manner as denoted by arrow C about
a pivot point at the base of the outer arm 662. A height of the
lens 620 relative to the upper face 615 of the housing may
be adjusted upward and downward in the direction of arrow
E by telescoping the inner arm 660.

[0055] FIG. 7A illustrates a front perspective view of an
electronic device 700 formed in accordance with an embodi-
ment herein. The electronic device 700 of FIG. 7A repre-
sents a portable computer having a housing 740. A camera
assembly 710 is mounted along one side of the keyboard 720
proximate to an edge of the housing 740 where hinges 712
couple a display part 714 to a main body part 716. Option-
ally, the camera assembly 710 may be located in other areas
upon the main body part 716, as well as along the sides, top
bottom of the display part 714. For example, the camera
assembly 710 may be located on the left or right sides of the
keyboard 720. As another example, the camera assembly
710 may be mounted in the region of the housing 740 above
the keyboard 720 between the hinges 712, and proximate to
the function keys of the keyboard 720. In FIG. 7A, the
camera assembly 710 has been rotated to an upright position
and removed from the recessed pocket 742 and extended to
an intermediate height near a middle of the display 711.
[0056] FIG. 7B illustrates a front perspective view of the
electronic device 700 with the camera assembly 710
extended to a full telescope length. The camera assembly
710 includes a camera support member 754 with a camera
750 mounted thereon. In the example of FIGS. 7A and 7B,
the camera support member 754 includes more than two
telescoping arms arranged within one another. For example,
the camera support member 754 may include an upper arm
760, an intermediate arm 761 and a base arm 762, all of
which are configured to collapse into one another and to
extend outward from one another.

[0057] Optionally, the camera support member 754 may
be constructed to provide multiple discrete levels of exten-
sion. For example, when the camera support member 754 is
initially tilted upward (e.g. the position illustrated in FIG.
7A), a first extended position may be set to enable the
camera to be raised to correspond to a midpoint of the
display 711. Accordingly, the camera 750 would be verti-
cally positioned to generally align with the eyes of the user,
thereby avoiding an unduly low viewpoint looking upward
into the face of the user (e.g. upward onto the chin, nose and
face generally). Additionally, a second extended position
may be set to enable the camera 750 to be raised and held
at a point corresponding to the upper edge of the display 711.
Additionally, a third extended position may be set to enable
the camera 750 to be raised and held at a position above the
upper edge of the display 711 (e.g. the position illustrated in
FIG. 7B). When fully extended to the third extended posi-
tion, the camera 750 may align with the faces of multiple
users watching a common display, such as during a video-
conference.

[0058] In addition, the camera 750 may be swiveled/
rotated 360° to direct the field of view in any desired
direction. When the camera 750 is extended to a position
above the display 711, the field of view is not inhibited by
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the display 711, regardless of the direction of the field of
view. For example, the camera may be swiveled to face
forward or rearward relative to the display 711, such as to
face a user of the electronic device or to be rotated to have
a field of view that corresponds to the same field of view as
the user. Optionally, when the camera 750 is positioned at an
intermediate level of extension (e.g. such as in FIG. 7A), the
camera 750 may be swiveled to face the display 711. For
example, it may be desirable during computer support
sessions, during videoconferencing sessions and the like, to
have the camera 750 face the display 711 and/or keyboard
720.

[0059] FIG. 8 illustrates a perspective view of a camera
assembly 810 formed in accordance with embodiments
herein. The camera assembly 810 represents a detachable
accessory that may be physically and electrically coupled to
and decoupled from an electronic device. The camera
assembly 810 includes an inner arm 860, an intermediate
arm 861 and an outer arm 862 that telescope relative to one
another. In the example of FIG. 8, the inner and outer arms
860 and 862 have circular cross-sections. Optionally, vari-
ous shapes may be utilized for the arms 860-862. An
upper/outer end 856 of the arm 860 includes one or more
lenses 820, 821 that have corresponding fields of view 822
and 823. Optionally, a single lens 820 may be utilized. The
lenses 820, 821 are optically coupled to a digital camera
circuit 824 which is housed within the camera support
member 854, such as within the inner arm 860. For example,
the circuit 824 may represent a charge coupled device
(CCD) having an array of pixels sensitive to light. One or
both of the lenses 820 and 821 focus images from the fields
of view 822, 823 onto the CCD within the circuit 824 to
enable the circuit 824 to collect still and video images/
frames for the fields of view 822, 823. It is recognized that
various types of cameras, lenses and circuits may be utilized
in accordance with embodiments herein.

[0060] The outer arm 862 includes a communications
interface 870 mounted thereon and extending outward there-
from. The communications interface 870 is coupled to the
circuit 824 through a communications line 825. By way of
example, the communications interface 870 may represent
various well-known serial connectors, such as a USB con-
nector, a Lightning connector, a Thunder connector, a DB
9-pin connector, as well as any other well-known connector
used with electronic devices. When the communications
interface 870 is engaged with a mating port on an electronic
device, the camera assembly 810 is physically and electri-
cally coupled to the electronic device, after which the arms
860-862 may be telescoped relative to one another to adjust
a height of the camera 850. In addition, the inner arm 860
may be rotated to direct one or both of the lenses 820, 821
in a desired direction.

[0061] Optionally, the outer arm 862 may include a cou-
pling device 863, such as a magnet, a mechanical connector,
Velcro, tape or other structure. The coupling device 863
securely engages the housing of the electronic device when
the camera assembly 810 is attached to the electronic device,
in order to afford added structural support during use. In
accordance with the foregoing embodiment, the camera
assembly 810 is detachably coupled to a corresponding
communications port on the electronic device such that the
camera assembly 810 is attachable and detachable from the
electronic device. Optionally, the camera support member
854 may be constructed as a continuous flexible tube that
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may be bent in various manners in order to position the
camera on the outer end of the flexible tube at any desired
height and facing in any desired direction.

[0062] FIG. 9A illustrates a camera assembly 910 formed
in accordance with an alternative embodiment. The camera
assembly 910 is built directly into a key 920 on the key-
board. The key 920 includes a front face 922 having a
camera lens 924 provided therein. A digital camera circuit is
provided either within the body of the key 924 or within the
housing of the electronic device generally in the area of the
key 920. The key 920 represents a key that is normally
located near the upper edge of the keyboard, such as a
function key or a numeral key. As one example, it may be
desirable to locate the camera assembly 910 within a func-
tion key that is not commonly used and/or a numeral key that
is relatively far from the main area of the user’s fingers. By
locating the camera assembly 910 within a key that is
generally remote from the user’s fingers, a “spidering affect”
may be avoided or minimized. The spidering affect occurs
when auser’s fingers are visible directly in front of a camera
while a user is typing. In general, it may be preferable to
limit or avoid the spidering affect.

[0063] FIG. 9B illustrates a side view of the camera
assembly 910 when the key 920 is in the open state 930 and
in the closed state 940. When in the open state 930, the key
920 is rocked upward in the direction of arrow F such that
the lens 924 is located above the cover 932 surrounding the
key 920. When in the closed state 940, the key 920 is rocked
downward in the direction of arrow G such that the lens 924
is located below the cover 932. The key 920 may be utilized
for its normal function (e.g. as a reference number or
function key or otherwise) during normal use of the key-
board. When the user desires to activate the camera, the key
920 is rocked upward to the open state 930 when the user
presses downward upon the key 920 with an added force that
is greater than the normal force used during typing. Alter-
natively, the user may hold down on the key 924 an extended
period of time that is longer than during normal typing to
cause the key 920 to rock upward to the open state 930.
[0064] Optionally, the camera assembly 910 may have a Z
height that is more than a normal height of a key. Accord-
ingly, the key 920 holding the camera assembly 910 may be
made with a slightly greater Z height and fit within a
corresponding deeper keyhole.

[0065] FIG. 10 illustrates a side perspective view of an
electronic device that includes a camera assembly formed in
accordance with an alternative embodiment. The example
electronic device represents a laptop computer where a
barrel assembly 1016 is located in place of at least a portion
of one row of keys on the keyboard. The barrel assembly
1014 includes a camera assembly 1010 housed therein. The
barrel assembly 1014 includes multiple function keys 1016
provided thereon. The barrel assembly 1016 may be rotated
to a first position to expose the function keys 1016, and may
be rotated to a second position to expose the camera lens
1024. When the function keys 1016 are exposed, the camera
assembly 1010 is in a closed state and is deactivated. When
the barrel assembly 1016 is rotated along a longitudinal axis
thereof, the camera lens 1024 is oriented to direct upward
above the keyboard toward the user. When the camera lens
1024 is directed upward, the camera assembly 1010 is in the
open state and is activated. While not illustrated, it is
recognized that a digital camera circuit is housed within the
barrel assembly 1016 and optically coupled to the lens 1024.
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[0066] FIG. 11 illustrates a block diagram of an electronic
device 1100 (e.g. a laptop computer, tablet devices, smart
phone and the like) which includes components such as one
or more wireless transceivers 1102, one or more processors
1104 (e.g., a microprocessor, microcomputer, application-
specific integrated circuit, etc.), one or more local storage
medium (also referred to as a memory portion) 1106, a
display 1146, a user interface 1108 which includes one or
more input devices 1109 and one or more output devices
1110, a power module 1112, a camera assembly 1120, a
display interface 1144 and a network interface 1128. The
components can be operatively coupled to one another, and
can be in communication with one another, by way of one
or more internal communication links 1116, such as an
internal bus.

[0067] The processor 1104 performs the disclosed meth-
ods by executing the sequences of operational instructions
that comprise each computer program resident in, or opera-
tive on, the memory 1106. The memory 1106 may include
operating system, administrative, and database programs
that support the programs disclosed in this application.
[0068] The housing 1148 of the electronic device 1100
holds the processor(s) 1104, local storage medium 1106,
user interface 1108, the camera assembly 1150 and other
components. The camera assembly 1150 collects data in
connection with one or more viewer characteristics of inter-
est (COI). The camera assembly 1150 may represent a still
or video camera that collects still or video image frames. A
lens 1114 is optically and communicatively coupled to the
camera assembly 1150. The lens 1114 may be mounted at
various locations on the housing 1112. Optionally, multiple
lenses 1114 may be positioned at various distributed posi-
tions within, or about the perimeter of the housing 1112. The
camera assembly 1150 may represent various types of still or
video cameras, detection units and the like. The camera
assembly 1150 may further include a lens 1114 and one or
more detectors 1115, such as a charge coupled device
(CCD). The detector 1115 may be coupled to a local
processor (e.g., digital camera unit 1120) within the camera
assembly 1150 that analyzes image frame data captured. The
camera assembly 1150 may include one or multiple combi-
nations of detectors and lens. For example, an array of two
or more detector/lens combinations may be spaced apart
from one another (as illustrated in FIG. 8). When multiple
detectors/lens are used, each detector/lens combination may
be oriented in at least partially different directions, such that
the fields of view of the respective detector/lens combina-
tions encompass different areas.

[0069] Additionally or alternatively, the camera assembly
1150 may collect data related to a field of view other than
image frames. For example, the camera assembly 1150 may
represent one or more infrared (IR) light emitting diode
(LED) based-camera devices. For example, one or more
IR-LED emitters 1117 may be used to illuminate the field of
view with one or more select wavelengths of light (e.g., 880
nm). A high pass filter (HPF) element may be located with
the lens 1114 such that the HPF element passes infrared light
with a select wavelength (e.g., 800 nm). The IR-LED emitter
1117 and detector 1115 represent one type of camera that
collects data related to a field of view.

[0070] Itis recognized that the camera assembly 1150 may
be housed within any of the various camera support mem-
bers described and illustrated herein, including an entirely
detachable camera support member as illustrated in FIG. 8.
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The camera assembly 1150 may also be housed within one
or more keys on the keyboard (as illustrated in FIGS. 9A and
9B. Optionally, the emitter 1117 may be provided in the
same or one or more different keys on the keyboard. The
camera assembly 1150 may also be housed within the barrel
assembly 1014 (FIG. 10).

[0071] The input and output devices 1109, 1110 may each
include a variety of visual, audio, and/or mechanical
devices. For example, the input devices 1109 can include a
visual input device such as an optical sensor or camera, an
audio input device such as a microphone, and a mechanical
input device such as a keyboard, keypad, selection hard
and/or soft buttons, switch, touchpad, touch screen, icons on
a touch screen, a touch sensitive areas on a touch sensitive
screen and/or any combination thereof. Similarly, the output
devices 1110 can include a visual output device such as a
liquid crystal display screen, one or more light emitting
diode indicators, an audio output device such as a speaker,
alarm and/or buzzer, and a mechanical output device such as
a vibrating mechanism. The display may be touch sensitive
to various types of touch and gestures. As further examples,
the output device(s) 1110 may include a touch sensitive
screen, a non-touch sensitive screen, a text-only display, a
smart phone display, an audio output (e.g., a speaker or
headphone jack), and/or any combination thereof. The user
interface 1108 permits the user to select one or more of a
switch, button or icon in connection with normal operation
of the electronic device 1100.

[0072] The local storage medium 1106 may encompass
one or more memory devices of any of a variety of forms
(e.g., read only memory, random access memory, static
random access memory, dynamic random access memory,
etc.) and can be used by the processor 1104 to store and
retrieve data. The data that is stored by the local storage
medium 1106 can include, but need not be limited to,
operating systems, applications, streaming video content,
resolution maps, viewer COls, display attributes and infor-
mational data. Each operating system includes executable
code that controls basic functions of the communication
device, such as interaction among the various components,
communication with external devices via the wireless trans-
ceivers 1102, the network interface 1128 and/or the display
component interface 1114, and storage and retrieval of
applications and data to and from the local storage medium
1106. Each application includes executable code that utilizes
an operating system to provide more specific functionality
for the communication devices, such as file system service
and handling of protected and unprotected data stored in the
local storage medium 1106.

[0073] The local storage medium 1106 stores various
content, including but not limited to video content 1117, one
or more still images, viewer characteristics of interest 1130
such as viewing distance 1131, position data 1132, line of
sight (LOS) data 1134, lighting level, and the like. The video
content 1117 may represent various types of graphical and
video content including audio content.

[0074] Other applications stored in the local storage
medium 1106 include various application program inter-
faces (APIs). Additionally, the applications stored in the
local storage medium 1106 include a viewing perspective
management (VPM) application 1124 representing program
instructions that direct one or more processors to reduce or
eliminate undesirable image perspectives, such as when the
camera assembly is located below or above the user’s line of
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sight. For example, the VPM application 1124 may manipu-
late images collected by the camera assembly 1150 to reduce
the “spidering affect”, to reduce the bottom-up perspective,
as well as other undesirable imaging perspectives. For
example, when the lens is located below the line of sight, the
images may, if left uncorrected, present a bottom-up view of
a user’s chin and nose. The VPM application 1124 may
perform image processing upon the images as collected to
shift the perspective of the view upward such that the users
chin and nose are not as noticeable. The VPM application
1124 includes program instructions accessible by the pro-
cessor 1104 to direct the processor 1104 to implement the
methods, processes and operations described herein.

[0075] In accordance with embodiments herein, the VPM
application 1124 may identify facial features, eye move-
ment, line of sight of the eyes and the like. In accordance
with embodiments herein, the camera assembly 1150 col-
lects a series of image data frames 1130 associated with the
scene over a select period of time. For example, the camera
assembly 1150 may begin to capture the image data frames
1130 when the application 1124 senses movement of the
room. Image frame data 1130 may be collected for a
predetermined period of time, for a select number of frames
or based on other data collection criteria. For example, the
camera assembly 1150 may include capturing image frame
data which may represent a viewer’s face with the camera,
detecting eye movement from the image frame data and
calculating, utilizing the processor, the gaze direction vec-
tors from the eye movement to determine whether the
viewer is gazing at the display.

[0076] The processor 1104, under control of the applica-
tion 1124, analyzes one or more image data frames 1130, to
perform various desired operations such as to detect a
position of one or more viewers, viewer’s faces, eye move-
ment, gaze, direction, etc. Optionally, the processor 1104,
under the control of the application 1124, may determine the
line of sight associated with one or more viewers, such as to
identify who is watching a television. The LOS data 1134
may represent a gaze direction vector defined with respect to
a coordinate system. For example, the gaze direction vector
may be defined with respect to a polar coordinate system,
where a reference point and origin of the polar coordinate
system are located at a known position.

[0077] The power module 1112 preferably includes a
power supply, such as a battery, for providing power to the
other components while enabling the electronic device 1100
to be portable, as well as circuitry providing for the battery
to be recharged. The component interface 1114 provides a
direct connection to other devices, auxiliary components, or
accessories for additional or enhanced functionality, and in
particular, can include a USB port for linking to a user
device with a USB cable.

[0078] Each transceiver 1102 can utilize a known wireless
technology for communication and receiving wireless
streaming video content. Exemplary operation of the wire-
less transceivers 1102 in conjunction with other components
of'the electronic device 1100 may take a variety of forms and
may include, for example, operation in which, upon recep-
tion of wireless signals, the components of electronic device
1100 detect communication signals and the transceiver
demodulates the communication signals to recover incom-
ing information, such as video content, transmitted by the
wireless signals.
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[0079] It should be clearly understood that the various
arrangements and processes broadly described and illus-
trated with respect to the Figures, and/or one or more
individual components or elements of such arrangements
and/or one or more process operations associated of such
processes, can be employed independently from or together
with one or more other components, elements and/or process
operations described and illustrated herein. Accordingly,
while various arrangements and processes are broadly con-
templated, described and illustrated herein, it should be
understood that they are provided merely in illustrative and
non-restrictive fashion, and furthermore can be regarded as
but mere examples of possible working environments in
which one or more arrangements or processes may function
or operate.

[0080] Aspects are described herein with reference to the
figures, which illustrate example methods, devices and pro-
gram products according to various example embodiments.
These program instructions may be provided to a processor
of a general purpose computer, special purpose computer, or
other programmable data processing device or information
handling device to produce a machine, such that the instruc-
tions, which execute via a processor of the device implement
the functions/acts specified. The program instructions may
also be stored in a device readable medium that can direct a
device to function in a particular manner, such that the
instructions stored in the device readable medium produce
an article of manufacture including instructions which
implement the function/act specified. The program instruc-
tions may also be loaded onto a device to cause a series of
operational steps to be performed on the device to produce
a device implemented process such that the instructions
which execute on the device provide processes for imple-
menting the functions/acts specified.

[0081] It is to be understood that the subject matter
described herein is not limited in its application to the details
of construction and the arrangement of components set forth
in the description herein or illustrated in the drawings
hereof. The subject matter described herein is capable of
other embodiments and of being practiced or of being
carried out in various ways. Also, it is to be understood that
the phraseology and terminology used herein is for the
purpose of description and should not be regarded as lim-
iting. The use of “including,” “comprising,” or “having” and
variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional
items.

[0082] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings herein without depart-
ing from its scope. While the dimensions, types of materials
and coatings described herein are intended to define various
parameters, they are by no means limiting and are illustra-
tive in nature. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above descrip-
tion. The scope of the embodiments should, therefore, be
determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled. In the appended claims, the terms “including” and
“in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Moreover, in
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the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to impose numerical requirements on their objects or order
of execution on their acts.

1. An electronic device, comprising:

a housing;

a processor and memory provided within the housing;

a display; and

a camera assembly including a camera and a camera

support member having first and second ends, the
camera provided on the camera support member proxi-
mate the first end, the second end movably coupled to
the housing such that the camera support member may
be moved from a closed state to an open state.

2. The electronic device of claim 1, wherein the camera
support member includes inner and outer arms coupled to
one another in a telescoping manner such that the inner arm
contracts into the outer arm when in the closed state and the
inner arm at least partially extends from the outer arm when
in the open state.

3. The electronic device of claim 2, wherein the outer arm
includes an interior elongated cavity extending along a
length of the outer arm, the cavity including a retention
element engaging the inner arm and maintaining the inner
and outer arms at one or more predetermined positions
relative to one another when extended.

4. The electronic device of claim 1, wherein the camera
support member includes a hinge element provided at the
second end, the hinge element rotatably coupling the camera
support member to the upper face of the housing.

5. The electronic device of claim 1, wherein the upper
face of the housing includes a recessed pocket shaped and
dimensioned to receive the camera support member and
camera when in the closed state.

6. The electronic device of claim 1, wherein the camera is
pivotally connected at the first end to the camera support
member such that the camera rotates about a longitudinal
axis of the camera support member when in the open state.

7. The electronic device of claim 1, wherein the camera
includes a lens optically coupled to a digital camera circuit,
the lens provided at an outer end of the camera support
member, the digital camera circuit held within the camera
support member.

8. The electronic device of claim 1, wherein the camera
support member includes a communications interface
mounted thereon, the communications interface detachably
coupling to a corresponding communications port on the
electronic device such that the camera support member is
physically and electrically attachable and detachable from
the electronic device.

9. The electronic device of claim 1, further comprising a
keyboard which includes multiple keys and the camera
assembly is at least partially housed within one of the keys,
the camera assembly including a lens provided in a face of
the corresponding key, the corresponding key rocking
between opened and closed states to expose and cover the
lens.

10. The electronic device of claim 1, further comprising
a keyboard which includes a barrel assembly located along
at least a portion of a row of keys on the keyboard, the barrel
assembly including the camera assembly, the barrel assem-
bly including at least one key thereon that is exposed when
the barrel assembly is rotated to a first position, the camera
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assembly being positioned in the open state when the barrel
assembly is rotated to a second position.

11. A method comprising:

providing an electronic device with a camera assembly

including a camera and a camera support member
having first and second ends, the camera provided on
the camera support member proximate to the first end,
the second end movably connected to the housing such
that the camera support member may be moved from a
closed state to an open state.

12. The method of claim 11, wherein the providing
comprises providing a camera support member including
inner and outer arms that at least partially extend relative to
one another in a telescoping manner to the open state.

13. The method of claim 12, further comprising main-
taining the inner and outer arms at one or more predeter-
mined positions relative to one another when extended.

14. The method of claim 11, further comprising rotatably
coupling the camera support member to an upper face of a
housing of the electronic device.

15. The method of claim 11, further comprising position-
ing the camera assembly within a recessed pocket in an
upper face of a housing of the electronic device when in the
closed state.

16. The method of claim 11, further comprising pivotally
connecting the camera to the first end to the camera support
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member such that the camera rotates about a longitudinal
axis of the camera support member when in the open state.

17. The method of claim 11, further comprising process-
ing video data captured by the camera assembly to at least
partially remove a spidering effect.

18. The method of claim 11, wherein the providing
comprises providing a keyboard which includes multiple
keys and locating the camera assembly within one of the
keys, the method further comprising rotatably mounting the
one of the keys to the keyboard such that the corresponding
key is movable between opened and closed states.

19. An electronic device, comprising:

a housing;

a processor and memory provided within the housing; and

a camera assembly including a camera and a camera

support member having first and second ends, the
camera provided on the camera support member proxi-
mate the first end, the second end movably coupled to
the housing such that the camera support member may
be moved from a closed state to an open state.

20. The electronic device of claim 19, wherein the camera
support member includes inner and outer arms coupled to
one another in a telescoping manner such that the inner arm
contracts into the outer arm when in the closed state and the
inner arm at least partially extends from the outer arm when
in the open state.



