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CAMERA INCLUDED IN DIGPLAY

BACKGROUND
10001}  Users may use a camera in conjunction with a display for various
purposes. For example, users may establish video links, which permit computers
{0 act as videophones or videoconference stations. Other uses may include security
survailiance, computer vision, video broadcasting, and recording social videos.
Manufacturers, vendors, andfor service providers may be challenged to provide

improved integration of cameras and displays.

BRrIEF DESCRIPTION OF THE DRAWINGS
(00027  The following detailed description references the drawings, wherein:
[0003] FIG. 1A and 1B are example block diagrams of a display including a
camera;
[0004]  FiG. 2A and 2B are example block diagrams of the first through third
regions of the display of FIG. 1 during the camera and display sattings;
[0008]  FIG. 3 is an example block diagram of a computing device including
instructions for cutputting light at a lower intensity for a display including a camera;
and
[00067  FIG, 4 is an example flowehart of a method for dimming a light intensity

of a display including a camera.
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DETAILED DESCRIPTION

(00077 Specific details are given in the following description o provide a
thorough understanding of embodiments. However, it will be understood that
embodiments may be practiced without these specific details. For example,
systems may be shown in block diagrams in order not to obscure embodiments
in unnecessary detail. In other instances, well-known progesses, structures and
techniques may be shown without unnecessary detail in order t¢ avoid ohscuring
embodiments.

[0008]  Video collaboration may be limited by the lack of eye-contact between
the participants of the video collaboration. Putling a camera behind 3 display may
gnable improved eye contact betwesn participanis in a remoete coliaboration
application. This may be achieved by utilizing a transparent light emitting display.
However, light from the display may also be observed in the camera, resulling in
visual crosstalk which degrades the captured image.

[0009] Examples may utilize a time division approach, where a display is
selectively dimmed in the camera’s field-of-view (FOV) during the camera caplure
periods in order to reduce the crosstalk observed by the camera. In order to make
the dimming less noticeable, regions surrounding the FOV region may have
gradually decreasing amounts of dimming. An example device may include a
display and a camera. The display has a capturs maode. The camera is included
in the display. A first region of the display including a field of view (FOV) of the
camera may be dimmed during the capture mode. A second region of the display
is outside the FOV. Atleast part of the second region may not be dimmed during

the capture mode. Thus, examples may be able o capiure images more clearly
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with a full rangs of wavelengths from the scene, resulting in higher quality images
without unnatural lighting of the subject.

[0010]  Referring now {0 the drawings, FIG. 1A and 1B are example block
diagrams of a display 100 including a camera 120. The dispiay 100 may interface
with or be included in any type of display device, such as a Cathode ray tube display
(CRT), Light-emiting dicde display (LED), Electroluminescent display (ELD),
Electronic paper, E Ink, Plasma display panel (PDP), Liguid crystal display (LCD),
High-Performance Addressing display (HPA), Thin-film transistor display (TFT),
Organic lightemitting diode display (OLED), Surface-conduction electron-emitier
display (SED), Feld Emission Display (FED), Laser TV, Carbon nanotubes,
Quantum dot display, Interferomelric modulator display (IMOD) and ihe tike,

[0011]  The term display device may refer (o an output device for presentation of
information in visual form, such as an eleclronic visual display, which may
incorporate a flat panel display, performs as a video display and/or oulput device for
presentation of images iransmitted electronically, for visual reception, without
producing a permanent record.

[0012]  The term camera 120 may refer to an oplical device that records images
that can be stored directly, transmitted to another location, or both. These images
may be st photographs or moving images such as videos or movies. Examples of
the camera may be a still camers, a digital camers, a video camera, 8 webcam, an
internet protocol (IF) camera. The camera may include an image sensor, such as
a semiconductor charge-coupled devices {(CCDY or active pixel sensors in
complementary metal-oxide-semiconductor {CMQOS) or N-lype metal-oxide-

semiconductor (NMQS, Live MOS) technologies.
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100131 In FiG. 1, the display 100 is shown to include a camerg 120. The
display 100 and/or camera 120 may include and/or interface with, for example, a
hardware device including electronic dreuitry for implementing the functionality
described below, such as control logic andlor memory.  In addition or as an
altemnative, the display 100 and/or camera 120 may include and/or interface with a
series of instructions encoded on a machine-readable storage medium and
gxecutable by a processor.

[0014]  FIG. 1A illustrates a front-side view of the display 100 and FIG. 1B
Hlustrales a cross-sectional side view of the dispiay 100. The display 100 may
have a caplure modse.  The camera 120 is included in the display. During the
capture mode, the camera 120 may caplure images {(stilt or moving). fths display
100 is not in the capture mode, the camera 120 may not capture images.

[0015]  The caplure mode may be triggered, for example, manually or
automatically. For example, the user may tum on the capture video through an
interface, such as a keyboard, mouse, fouch sensitive display, and the like.
Further, the capture mode may tigger automatically based on a type of an
application being used, such as video conferencing scftware, or by fracking a
position of a user's or user’s features, such as head or eyes.

[00168]  While the camera 120 is shown 10 be at center of the display 100,
examples of the camera 120 may be placed along any point of a surface of the
display 100, such as a comer of the display 100, Further, while g single camera
120 is shown in FIG. 1, examples may include a plurality of cameras 120 included

in the display 100.
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(00171 As shown in FIG, 1A, a first region 114 of the display 100 includes a
field of view (FOV) 116 of the camera 120, The term FOV may refer {0 the part
of the world that is visible through the camera 120 at a particular position and
origntation in space. Objects cutside the FOV when the image is captured are
not racorded by the camera 120, The FOV may be expressed as the angular size
of the view cong, or the angular exient of a given scene that is imaged by a
camera.

{0018}  The first region 114 may be dimmed during the capture mode. A
second region 112 of the display 100 may be outside the FOV 116. Atleast part
of the second region 112 may nol be dimmed during the caplure mode. Thus, at
least part of the second 112 region may slill be able to display information while
the camera 120 caplures images atthe first region 114, An entirely of the display
100, including the first region 114, may display information continuously, if the
display 100 is not in capture mode.

[0019] Hence, & user may be able to use the display 100 as both a display
device and an image capture device simultansously, such as during
videoconferencing, in the caplure mode. As the camera 120 may be positioned
at or near a point of interest on the surface 110 of the display 100, eye contact
between video collaboration participants may be improved. As only the part of the
display 100 within in the camerg's 120 FOV is dimmed, the dimming is less
noticeable. The first and second regions 114 and 112 will be explained in greater
detail below with respect to FIGS. ZA and 2B.

00207  While FIG. 1B, shows the camera 120 to be behind a surface 110 of the

display 100, examples of the camera 120 may also be embedded into the surface
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110 of the display 100. For example, the display 100 may be transparent, such
as a transparent OLED, if the camera 120 is behind the surface 110 of the display
100. Here, the display 100 may become transparent when dimmaed, thus allowing
for the camera 120 to capiure images without light interference.

[0021]  In another example, pixels of the camera 120 may be alongside pixels
of the display 100, if the camera 120 is embedded info the surface 110 of the
display 100. Here, the display 100 need not be transparent as the camera pixels
are not behind the display pixels. Nonetheless, the dimming of the display pixels
may stil reduce light interference, such as that caused by overexposure or
unnatural fighting of the object to be captured.

00221 FiG. 24 and 2B are example block diagrams of the firsi through third
regions of the display 100 of FIG. 1 during the camera and display settings. The
display 100 may alternate between a display setling and a camera setling during
the caplure mode. The display and camera setlings may allernate according to
a rate such that an image over the first region 114 may appsar continuously
visible 0 a user during the capture mode. The camera 120 may only caplure an
image during the camera selting.

10023]  InFIGS. 28 and 2B, the second region 112 has been reduced. In FIGS.
1A and 18, the second region 112 covered a remainder of the surface 110 ¢f the
display 100, Here, the second region 112 is betwsen the first region 114 and a third
ragion 218, The third region 218 may not be dimmed during the caplure mode.
Thus, the third region 218 may maintain 8 normal or greater than normal light

intensity during both the camera and display setlings of the capture mode.
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100247  The second region 112 may be dimmed according 10 & non-uniform
pattern during the caplure mode, such as during the camera setling. The non-
uniform pattern may include both dimmed and non-dimmed areas. For example,
the pattern may be a combination of pixels that have less than normal intensity
and normal or greater than normal intensity. In one instance, the pixels of the
second region may have a random distribution for dimming. In another instance,
the pixels of the second region 112 may be decrsasingly dimmed as the pixels
increase in distance from the first region 114. Thus, the second region 112 may
have provide a fransition from the first region 114, which has lower than normal
intensity, to the third region 218, which has normal or greater than normal light
intensity.

[0025]  Thetermiightintensity may also be interchangeably used with brighiness
or tuminance. Light intensity may refer to @ measurement of the amount of light the
display 100 produces and may be measured in nits or candelas per square meter
{odfm2). The normal light intensity may, for exampie, range from 250 o 350 ¢d/im2
for a display. Alower light intensity may lower than that normal light intensity and a
greater light intensity may be greater than the normal light intensily.

10026]  The normal light intensity of the display 106 may be based on external
and/or infernat factors.  Exiemnal factors may include properties of the display 100
and settings of the display 100. Properties of the display 100 may vary according
0 a type and model of the display, such as atype of the pixel. Settings of the display
100 may relate fo default settings and/or user setlings, such as brighiness and

contrast settings. The internal factors may be based on image data being output to
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the display 100, which may indicate, for example, a contrast, color, voltage and the
fike for the pixels of display 100,

[0027]  As noted above, the first region 114 and at least part of the second
region 112 may be dimmed during the camera seiting. However, the first and
second regions 114 and 112 may not be dimmed during the display setting.
Further, in one example, the pixels of at least gne of the first and second regions
that are dimmed during the camera setting may be driven 1o output aven more
light than indicated by the image data during the display setting.

[0028]  For example, an amount of increase of the light oulput by the pixels
greater than that indicated by the image data during the display setling may be
proportional 1o an amount the pixels are dimmed during the camers selting. Thus,
examples may compensate for the dimness caused by the camera setting by
increasing the light intensity during the display setting, such that the first region
114 and atleast part of the second region 112 may not readily appear darker than
the third region 218 1o a user during the capture mode.

[0028]  In one example, the display 100 may shift a point of interest on the
display 100 to align with the FOV 118 of the camera 120 such that eyes of a user
focus on the FOV 118 when viewing the point of inferest. The point of interest
may be any area of the display 100 that the user appears o be gazing at or that
should be of interest 1o the user, such as another user's eves in the ¢ase of vidso
collaboration. For example, the point of interest may be cropped and/or moved 1o
align with the FOV of the camera 120. Thus, the camera 120 may be used to track
the user’s eyes and/or position. Examples of the point of interest may include an

image, a window, and the like.
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100301 In ancther example, motion paraliax may be provided for images shown
on the display 100. The display 100 may determine a line of sight between the
user and the camera 120, with the line of site based on the positions of the user
and the camera 120. For example, if the camera 120 is behind the display 110,
the image may be shown on the display 100 where the line of site between the
user and camera 120 intersects with a plane or surface 110 of the display 100.
Here, the line of sight may shift based on a ¢changs in any of the three dimensions
{e.g. depth, horizontal position, and vertical position) between the camera 120
and the user.

10031} By utilizing a time division sequencing belween the display and the
camera, where the display, such as a ransparent OLED, is spatially, seleclivaly
dimmed during the camera capture periods, examples may reduce crosstalk
cbserved by the camera. To compensate for brighiness loss due to the dimming,
the display pixels that are dimmed may be driven {o output more light cutside of the
capturs periods.

00327 FIG. 3 is an example block diagram of a computing device 300 including
instructions for cutputting light at a lower intensity for a display indluding a camera.
In the embodiment of FIG. 3, the computing device 300 includes a processor 310
and a machine-readabile slorage medium 320, The machine-readable siorage
mediurn 320 further includes instructions 322, 324 and 326 for outputiing light at a
tower intensity for a display including a camera.

[0033]  The computing device 300 may be included in or part of, for example, a
microprocessor, a display, a controller, a notebock computer, a deskiop

computar, an all-in-one system, a server, a network device, g wirsless device, or
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any other type of device capable of executing the instructions 322, 324 and 326. In
cerfain examples, the computing device 300 may include or be connecled io
additional components such as memories, controllers, stc.

[0034]  The processor 310 may be, at least one central processing unit (CPU),
at least one semiconductor-based microprocessor, at least one graphics processing
unit (GPU), & microcontroller, special purpose logic hardware controlled by
microcode or other hardware devices suitable for retrieval and execution of
instructions stored in the machinareadable storage madium 320, or combinations
therecf. The processor 310 may fetch, decode, and execute insiructions 322, 324
and 326 to implement outputting light at the lower intensily for the display including
the camera. As an altemative or in addiion 10 relrieving and execuling instructions,
the processor 310 may include atleast one integrated circuit {IC}, other control lugic,
other elecironic circuits, or combinations thereof that include a number of eleclronic
components for performing the funclionality of instructions 322, 324 and 326.
[00358]  The machine-readable storage medium 320 may be any elactronic,
magnetic, optical, or other physical storage device thatl containg or stores
executable instructions. Thus, the machine-readable storage medium 320 may
be, for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), a storage drive, a Compact Bisc
Read Only Memory (CD-ROM), and the like. As such, the machine-readable
storage medium 320 can be non-transitory. As described in detail below, machine-
readable storage medium 320 may be encoded with a series of executable
instructions for cutputting hight at the lower intensity for the display including the

camera.
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[0036] Moreover, the instructions 322, 324 and 328 when executed by a
processor (8.g., via one processing element or muiltiple processing elements of the
processor) can cause the processor to perform processes, such as, the process of
FIG. 4. For example, the alternate instructions 322 may be executed by the
processor 310 to alternate between display and camera setlings of a display.
(00377 The oulpul first region instructions 324 may be executad by the
processor 310 to cutput light at a lower intensily at a first region of the display
during the camera setling and output light at a greater intensity at the first region
during the display seting. The first region may include a FOV of a camera
included in the display. The greater inlensity is brighter than the lower intensity.
(00387  The output second region instructions 326 may be executed by the
processor 310 to oulput light at both the lower and grester than the lower
intensities al a second region surrounding the first region, during the camera
setting. The processor 310 may further execute inslructions {not shown) to cutput
fight at greater than the lower intensity at a third region surrounding the second
region, during both the display and camera settings.

00397 FIG. 4 is an example flowchart of 2 method 400 for dimming a light
intensity of a display including a camera. Although execution of the method 400 is
described below with reference 1o the display 100, other suitable componenis for
execution of the method 400 can be utilized. Additionally, the components for
executing the method 400 may be spread among mulliple devices (e.g., a
processing device in communication with input and output devices). In certain
scenarios, multiple devices acting in coordination can be considered a single device

o perform the method 400. The method 400 may be implemented in the form of
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exgcutable instructions stored on a machine-readable storage medium, such as
storage medium 320, andlor in the form of elecironic circuitry.

00407 At block 410, the digplay 100 may dim a light intensity to be lower than
a normal intensity at a first region 114 of a display 100 including a camera 120,
during a camera setting of the display 100. The first region 114 may include a
FOV 116 of the camera. Al block 420, the display 100 may increase the light
intensity at the first region o be greater than the normal intensity during a display
setling of the display. Al block 430, the display 100 may maintain the normal
intensily al part of a second region 218 of the display 100 surrounding the first
region 114, during the camera selting.

(00417 Further, the second region 218 may have a non-uniform light intensity
including a range of light intensities from the lower than normal intensity to atleast
the normai intensity during the camera selting. The camera 120 may capture
images during the camera seting and not capture images during the display
setling. The display 100 may alternate between the camera and display settings

according to a ime-division sequence.
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CLAIMS
We claim:
1. A device, comprising:
a display to have a capture mode; and
a camera included in the display, wherein

a first region of the display including a Tield of view (FOV) of the camera

is dimmed during the capture mods, and

a second region of the display is outside the FOV, at least part of the

second region is not dimmed during the capture mode.

2. The device of claim 1, wherein,
the second region is belwsen a third region and the first region, and

the third region is not dimmed during the capiure mode.

3. The device of claim 2, wherein the second region includes both

dimmed and non-dimmed areas.

4, The device of claim 1, wherein,
the display alternates between a display setlting and a camera setling
during the caplure mode,

the first and second regions are not dimmed during the display setting,

and

the first region is dimmed during the camera setling.
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5. The device of ciaim 4, wherein the display and camera setlings
are 1o slternate according o a rate such that an image over the first region

appears continuously visible {0 a user.

6. The device of claim 4, wherein pixels of at least one of the first
and second regions that are dimmed during the camera setting are driven {o

output more light than indicated by image data during the display ssiting.

7. The device of claim 8, wherein an amount of increase of the light
output by the pixels greater than that indicated by the image data during the
display selting is proportional to an amount the pixels are dimmed during the

camera setting.

8. The device of claim 1, wherein a point of interest is shifted to align
with the FOV of the camera such that eves of a user focus on the FOV when

viewing the point of interest.

g The device of claim 1, wherein,
a line of sight is based on positions of a user and the camera, and
an image on the display is shifted based on an intersection between a

surface of the display and the line of sight.

10,  The device of claim 1, wherain,

the camera is at least one of behind a surface of the display and
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embadded inlo the surface of the display,

the display is transparent if the camera is behind the surface of the
display, and

pixels of the camera are alongside pixels of the display if the camera is

embedded into the surface of the display.

1. The device of claim 10, wherein, the display includes at lsast one
of a transparent organic light-emitling diode (OLED) display and field emission

display (FED).

12. A mesthod, comprising:

dimming a light infensity t0 be lower than a normal intensity at a first
region of a display including a camera, during a camera setting of the display,
the first region to include a field of view (FOY) of the camera;

increasing the light intensity at the first region to be greater than the
normal intensity during a display sstling of the display; and

maintaining the normal intensity at part of a second region of the display
surrounding the first region, during the camera setting, wherein

the camera is 1o caplure images during the camera setling and to not

caplurs images during the display setling.

13, The method of claim 12, wherein,

the second region is to have a non-uniform light intensity including a

range of light intensities from the lower than normal intensity to at least the
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normal intensity during the camera setling, and
the display is to alternate between the camera and display seltings

according to a time-division sequence.

14. A nondransitory computer-readable storage medium  storing
insiructions that, if executed by a processor of a device, cause the processor io:

alternate between display and camera settings of a display;

output light at a lower intensity at a first region of the display during the
camera setting and output light at a greater intensity at the first region during the
display sefting, the first region {o include a field of view (FOV) of & camera
included in the display; and

outpul light at both the lower and greater than the lowsr intensities al a

second region surrounding the first region, during the camera sefting.

16, The non-transitory computer-readable storage medium of claim
14, further storing instructions that, if executed by a processor of a device,
cause the processor to:

output light at greater than the lower infensity at g third region

surrounding the second region, during both the display and camera settings\.
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Dimming a light intensity {0 be lower than a normal intensity ata | 4
first region of a display including a camera, during a camera
getting of the display, the first region o include a field of view

(FOV) of the camera

Increasing the light intensity at the first region to be greater than
the normal intensity during a display sefting of the display

Maintaining the normal intensity at part of a second region of the
display surrounding the first region, during the camera setling
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