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mentations, a display adapter circuit in a computing device processes hinge
data from a first sensor and orientation data from a second sensor and infers a
viewing angle to output the image elements for display. In implementations,
the display adapter circuit adapts the display device to enable display of the
image elements at the inferred viewing angle while the computing device is
between a closed position and a fully open position. The computing device
can also or instead be implemented to transition display of moditied image
elements while first and second housings of the computing device move rel-
ative to one another.
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ADAPTIVE SCREEN INTERACTIONS

BACKGROUND

[0001] The design variety of various kinds of computing devices is ever increasing. For
instance, computing devices often include a hinge for opening and closing the device. Users
desiring to check the time, view a message, or make selections on a display of traditional
hinged computing devices are often required to fully open the device before the display is
available to present information and to receive a user input. Thus, traditional computing
devices that include a hinge may be inefficient and can lead to user frustration by requiring
the computing device to fully open before user inputs can be received and general interaction
can occur.
[0002] For example, a typical clamshell device includes two parts connected by a hinge and
a primary display on an inside surface. Accordingly, the primary display is hidden from
view when the clamshell device is closed. When the typical clamshell device is partially
open, the primary display is inactive. Information is not displayed in a manner that is legible
or useful to user when a user attempts to “peek” at the primary display without fully opening
the clamshell device. As a result, users are forced to fully open the device before the
information is displayed and any associated interactions become usable. Thus, traditional
techniques used for interacting with a typical clamshell device may be ineffective and can
lead to user frustration.

SUMMARY
[0003] A computing device that adapts a display device according to an inferred user’s
perspective while the computing device is between a closed position and a fully open
position is described. In implementations, a display adapter circuit is configured to process
hinge angle data from a first sensor and orientation data from a second sensor to infer a
viewing angle to output image elements for display. The display adapter circuit of the
computing device may then adapt the display device to enable display of the image elements
at the inferred viewing angle while the computing device is between a closed position and
a fully open position.
[0004] A computing device can be configured to perform adaptive display techniques
including receiving, via a first orientation-determining technique, first orientation data
indicative of a position of a first housing of the computing device relative to a second
housing of the computing device. In implementations, the computing device also refines

the position of the first housing relative to the second housing based on second orientation
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data detected by a second orientation-determining technique and modifies image elements
on a display device of the computing device to enable viewing of the modified image
elements in dependence upon the refined position of the first housing relative to the second
housing. In implementations, a display adapter circuit is disposed in a computing device
that is operable to receive device orientation data indicative of a position of a first housing
of the computing device relative to a second housing of the computing device. The display
adapter circuit in the computing device may also refine the position of the first housing
relative to the second housing based on accelerometer data detected by the computing device
and transition display of image elements among multiple modified states on a display device
of the computing device during a change of the position of the first housing relative to the
second housing.

[0005] This Summary introduces a selection of concepts in a simplified form that are further
described below in the Detailed Description. As such, this Summary is not intended to
identify essential features of the claimed subject matter, nor is it intended to be used as an
aid in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The detailed description is described with reference to the accompanying figures. In
the figures, the left-most digit(s) of a reference number identifies the figure in which the
reference number first appears. The use of the same reference numbers in different instances
in the description and the figures may indicate similar or identical items. Entities
represented in the figures may be indicative of one or more entities and thus reference may
be made interchangeably to single or plural forms of the entities in the discussion.

[0007] FIG. 1 is an illustration of an environment in an example implementation that is
operable to employ techniques described herein.

[0008] FIGS. 2A, 2B, and 2C are diagrams representing an example scenario for adapting
a display of the computing device of FIG. 1 in accordance with one or more
implementations.

[0009] FIG. 3 depicts a computing device in an example implementation to adapt a display
to an inferred viewing angle.

[0010] FIGS. 4A and 4B are diagrams representing example scenarios for adapting
display(s) of various computing devices in accordance with one or more implementations.
[0011] FIG. 5 is a flow diagram depicting a procedure in an example implementation in
which image elements are modified for display in dependence upon a position of first and

second housings of a computing device.
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[0012] FIG. 6 is a flow diagram depicting a procedure in an example implementation in
which image elements for display are transitioned among multiple modified states during a
change in position of a computing device.

[0013] FIG. 7 illustrates various components of an example system that can implement
aspects of the display adaption techniques described herein in accordance with one or more
implementations.

DETAILED DESCRIPTION

[0014] A typical clamshell device includes a primary display on an inside surface that is
hidden from view when the clamshell device is closed. When the typical clamshell device
is partially open, the primary display is often inactive thereby preventing the display from
outputting content or receiving an input. Thus, when a user attempts to “peek” at the
primary display of the typical clamshell device without it being fully open, information is
not displayed in a manner that is legible or useful to user. Further, interacting with the
primary display of the typical clamshell device is not enabled in positions between the
closed and open positions thereby preventing gesture interactions. Additionally, when the
typical clamshell device includes an active primary display and is partially open, the active
primary display fails to adapt to a viewer and instead presents content that is hard to read or
comprehend.  As a result, traditional techniques to interact with a clamshell device require
a user to fully open the device before the information is displayed and gesture interactions
become usable. Thus, traditional techniques for interacting with typical clamshell devices
may be ineffective and can lead to user frustration.

[0015] A computing device that adapts a display according to an inferred user’s perspective
while the computing device is between a closed position and a fully open position is
described. In implementations, a display adapter circuit processes hinge angle data from a
first sensor and orientation data from a second sensor and infers a viewing angle to output
image elements for display. The display adapter circuit of the computing device may then
adapt the display to enable display of the image elements at the inferred viewing angle. In
one approach, the display adapter circuit enables interactive gestures related to the displayed
image elements by reconfiguring a size and a shape of the displayed image elements in
accordance with the inferred viewing angle. In this way, the display adapter circuit may
enable interactive gestures via a display while the computing device is between a closed
position and a fully open position.

[0016] The computing device can also be implemented to receive, via a first orientation-

determining technique, first orientation data indicative of a position of a first housing of the
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computing device relative to a second housing of the computing device. In
implementations, the computing device refines the position of the first housing relative to
the second housing based on second orientation data detected by a second orientation-
determining technique and modifies image elements on a display device of the computing
device to enable viewing of the modified image elements in dependence upon the refined
position of the first housing relative to the second housing. In one approach, modifying
image elements includes distorting the image elements on the display device according to
the inferred viewing angle. In this way, when viewed at the inferred angle, the image
elements appear legible and understandable due to the distortion applied to the image
elements.

[0017] In implementations, a display adapter circuit disposed in a computing device is
configured to receive device orientation data indicative of a position of a first housing of the
computing device relative to a second housing of the computing device. The display adapter
circuit in the computing device may also refine the position of the first housing relative to
the second housing based on accelerometer data detected by the computing device and
transition display of image elements among multiple modified states on a display device of
the computing device during a change of the position of the first housing relative to the
second housing. By transitioning display of the image elements among the multiple
modified states on the display device, the computing device is able to continuously adapt to
be useful in a range of positions and postures, including while between ‘open’ and ‘closed’
positions.

[0018] Using the described circuitry and techniques, a computing device can perform
various adaptive display techniques that cause a display of the computing device to output
content at a particular viewing angle. For instance, the adaptive display techniques can be
implemented to enable a user to view the display legibility when partially open. This is
accomplished in part by modifying a size and/or shape of image elements (e.g., objects
output for display) at a particular angle to compliment viewing. Generally, the circuity can
be implemented in a computing device to compute the particular angle for viewing using
two sensors that each determine an orientation of the device using different techniques.
[0019] Image elements for display can include elements that provide information and/or
elements that are selectable to invoke actions, to name a few. Accordingly, regardless of
whether image elements for display convey information to a user or provide an area for
recognizing a gesture, the circuitry can be implemented to change a size and/or shape of the

image element so that information appears correctly when viewed despite changes being
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made to the orientation of the computing device. In this way, the adaptive display
techniques implemented by the circuitry can enable the display of the computing device to
present information and process interactions even while it is difficult to see the entire
display.

[0020] Employing the circuitry and techniques described herein enables a display of a
computing device to continuously adapt to an inferred viewing position while the computing
device is moved between ‘closed’ and ‘open’ positions. For instance, the circuitry can be
implemented to modify image elements on a display in dependence upon an orientation of
parts of the device relative to one another, a user’s posture, and/or an orientation of the
device relative to an external environment. In implementations, the circuitry modifies image
elements on a display according to a position of an associated computing device in space
such as whether the computing device is upright, upside down, etc. Techniques for adapting
a display using the circuitry are discussed below.

[0021] In the following discussion, an example environment is first described that may
employ the techniques described herein. Example illustrations of the techniques and
procedures are then described, which may be employed in the example environment as well
as in other environments. Accordingly, the example environment is not limited to
performing the example techniques and procedures. Likewise, the example techniques and
procedures are not limited to implementation in the example environment.

Example Environment

[0022] FIG. 1 is an illustration of an environment 100 in an example implementation that
is operable to employ adaptive display techniques. Theillustrated environment 100 includes
an example of a computing device 102, an input/output module 104, a display device 106,
a user’s hand 108, a display adapter module 110, and sensors 112. As illustrated in FIG. 1,
the computing device 102 further includes housings 114 and 116 that are connected to each
other using a connecting mechanism (not shown) such as a hinge or other component that
enables movement of the housings relative to one another.

[0023] The computing device 102 may be configured in a variety of ways. For example,
the computing device 102 may be configured as a traditional computer (e.g., a desktop
personal computer, laptop computer, and so on), a mobile station, an entertainment
appliance, a set-top box communicatively coupled to a television, a wireless phone, a
netbook, a game console, and so forth. Thus, the computing device 102 may range from
full resource devices with substantial memory and processor resources (e.g., personal

computers, game consoles) to a low-resource device with limited memory and/or processing
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resources (e.g., traditional set-top boxes, hand-held game consoles). The computing device
102 may also relate to software that causes the computing device 102 to perform one or
more operations.

[0024] The computing device 102 is illustrated as including an input/output module 104
that is representative of functionality to send and/or receive inputs and outputs to and/or
from an operating system of the computing device 102. For instance, the input/output
module 104 can be responsible for recognizing interactions, such as gestures. In one
implementation, the input/output module 104 may be configured to receive an input to
enable gesture recognition while the computing device 102 is between a closed and a fully
open position. As will be discussed in more detail below, the input/output module 104 may
also be configured to output image elements on the display device 106 in accordance with
a result of the display adapter module 110.

[0025] As illustrated the computing device 102 includes the display device 106 which is
representative of functionality to present image elements for display. The display device
106 can include a digitizer panel, a monitor, touch screen, or projector, and so forth and can
be configured for use with or without a computing device. As explained in detail below,
the computing device 102 may include one or more displays on an internal surface, an
external surface, and/or an edge surface of the computing device 102. Accordingly, the
display adaption techniques can be implemented to modify a display disposed on any
surface of the computing device 102 including an internal display, an external display, an
edge display, or a combination thereof.

[0026] The user’s hand 108 generally represents a user which can interact with the
computing device 102 to invoke actions via selections on the display device 106. In addition
or alternatively, the user’s hand can adjust a position of the computing device such as by
moving one or more of the housings 114 or 116. In implementations, however, the user’s
hand 108 and a user in general is not required for the display adapter module 110 to perform
the various techniques described herein.

[0027] The computing device 102 is also illustrated as including the display adapter
module 110 for employing various techniques described herein. The display adapter module
110 is representative of functionality of the computing device relating to adapting the
display device 106. For example, the display adapter module 110 may be configured to
perform one or more actions responsive to processing data from the sensors 112, such as to
modify image elements, to infer a viewing angle for outputting image elements for display,

to determine device orientation, just to name a few. By processing data from the sensors
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112 over a period of time and during changes to a position of the computing device 102
(e.g., relative to a user and/or relative to an environment), the display device 106 can be
continuously modified to enable interactions and/or viewing related to the display device
106.

[0028] In an implementation, the display adapter module 110 receives data from the sensors
112 and employs two or more different orientation techniques. Generally, each sensor can
capture data that is usable by the display adapter module 110 to determine different
orientation results. For instance, data from one of sensors 112 can be indicative of how
‘open’ the device is while data from another sensor can indicate a position of the device
relative to an external environment. The display adapter module 110 determines a position
of the computing device 102 using the two orientation techniques and modifies the display
device 106 to include image elements that are configured to operate in one of multiple modes
that reflect different degrees of modification. In an implementation, the display adapter
module 110 communicates (e.g., exchanges data) with the sensors 112 and with other
modules of the computing device 102, such and the input/output module 104, to cause the
computing device to enable interactions and viewing while partially open. As described
herein, ‘partially open’ can refer to any position between a closed position and a fully open
position.

[0029] A variety of different techniques may be employed by the sensors 112 to receive
signals available for detection in a vicinity of the computing device 102. For example, the
display adapter module 110 may employ the sensors 112 to receive signals indicative of an
orientation of the computing device 102. In implementations, the sensors 112 may assume
a variety of different configurations to detect the signals and may include a hinge sensor, an
accelerometer(s), a camera, a touchscreen sensor, a capacitive sensor, or a combination
thereof. Further discussion of these sensors may be found in relation to the following
figures.

[0030] In one approach, the display adapter module 110 receives data from a hinge sensor
that indicates an angle of opening of the computing device 102 and also receives data from
an accelerometer that indicates an orientation of the device relative to a user and/or an
external environment. The display adapter module 110 can also process both sets of data to
infer an angle for viewing the display device 106. The inferred viewing angle can be
representative of a position that is optimal for viewing the display device 106 when the
computing device 102 is not fully open. Thus, when a user views the display device 106 at

the viewing angle determined by the display adapter module 110, image elements are output
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such that they appear legible and readable (i.e., represent minimal, if any, distortion) when
viewed at the inferred angle. When not viewed at the inferred angle, however, the image
elements may appear distorted and ‘out of shape’ due to the modifications applied to the
image elements. Thus, image elements can be modified in shape and size to appear correctly
from a particular angle thereby providing the user with information and/or interactions while
the computing device is not fully open. These and other features will be discussed in relation
to FIGS. 2A, 2B, 2C, 3, 4A, and 4B below.

[0031] Generally, any of the functions described herein can be implemented using
software, firmware, hardware (e.g., fixed logic circuitry), or a combination of these
implementations. The terms “module,” “functionality,” and “logic” as used herein generally
represent software, firmware, hardware, or a combination thereof. In the case of a software
implementation, the module, functionality, or logic represents program code that performs
specified tasks when executed on a processor (e.g., CPU or CPUs). The program code can
be stored in one or more computer readable memory devices. The features of the adaptive
display techniques described below are platform-independent, meaning that the techniques
may be implemented on a variety of commercial computing platforms having a variety of
processors.

[0032] FIGS. 2A, 2B, and 2C are diagrams representing an example scenario 200 for
adapting a display of the computing device of FIG. 1 in accordance with one or more
implementations. In FIG. 2A, the computing device 102 is illustrated as including the
display device 106, housings 114 and 116, and sensors 202 and 204.

[0033] In the example 200 of FIG. 2A, the display adapter module 110 can be implemented
to receive device orientation data from sensor 202 that indicates a position 206 of housing
114 relative to housing 116. In some instances, the device orientation data can represent an
angle of separation between the housings, a distance between the housings, or other
measurement that determines how ‘open’ the computing device is at a given time.

[0034] In the example 200, the display adapter module 110 also receives orientation data
from sensor 204 that indicates a position of the computing device 102 relative to an external
environment. For instance, the sensor 204 can send data to the display adapter module 110
that indicates whether the computing device 102 is being held by a user 208. Additionally
or alternatively, the data from sensor 204 may indicate an orientation of the computing
device 102 in space such as whether the computing device 102 is on a surface. Thus, in
implementations the display adapter module 110 can combine data from different sensors

to determine whether the computing device 102 is being held or is placed on a surface. The



10

15

20

25

30

WO 2018/039005 PCT/US2017/047240

combined sensor data enables the display adapter module 110 to modify image elements
output on the display device 106 according to different usage scenarios i.e., whether a user
is sitting, standing, holding, or simply viewing the computing device on a surface.

[0035] In implementations, these different usage scenarios correlate to modified states that
can be applied to the image elements for display. Each of the multiple modified states for
the image elements represent different degrees of modification for the image elements. For
instance, when an image element includes text, one of the modified states for the text
identifies at least two dimensions at which to modify the text for display on the display
device. In at least some implementations, modified states are continuously calculated by
the display adapter module responsive to changes in positions of the housings relative to
each other and/or responsive to a change in position of the computing device relative to a
user and/or an environment. Thus, the display device 106 can adapt to changes in the
position 206 between housings relative to each other by applying two or more of the
modified states to image elements output for display during the change of the position of
the first housing relative to the second housing.

[0036] As illustrated in FIG. 2A, the sensor 202 is generally disposed in a hinge portion of
the computing device that connects housings 114 and 116 while sensor 204 is shown
associated with the housing 116. In implementations, sensors 202 and 204 can be
configured in various ways including being disposed in other areas of the computing device.
In one specific implementation, sensor 202 is configured as a hinge sensor that captures an
angle between the housings 114 and 116 and sensor 204 is configured and as accelerometer
that captures orientation data. In some implementations multiple sensors can be used as the
sensor 202 and/or the sensor 204. For instance, in embodiments one or multiple sensors can
be implemented into housing 114 and/or housing 116 to improve accuracy of the orientation
data. In one specific implementation, the sensor 202 can provide the functionality of the
sensor 204 such that a single sensor is usable by the display adapter module 110 for detecting
device orientation data, accelerometer data, and/or other orientation data.

[0037] Generally, the display adapter module 110 is configured to output image elements
for display on the display device 106 at a particular angle for viewing. FIG. 2B depicts an
adapted display device for the example scenario 200 in which image elements 210 include
modifications in at least two dimensions. Here, the image elements 210 appear natural and
undistorted in both shape and size because the display has been adapted to an inferred
viewing angle determined by the display adapter module 110. In implementations, the

image elements 210 are modified (e.g., distorted, warped, relocated, etc.) in accordance with
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a modified state determined by the display adapter module 110. In the example of FIG. 2B,
the “Start’ image element can be representative of a gesture element because it is selectable.
A selectable region associated with the ‘Start’ image element can, for instance, be modified
in at least two dimensions so that the selectable area is larger in an x and/or y direction of
the display device 106. Thus, the display adapter module 110 can progressively distort and
move portions on the display that correspond to information and gestures.

[0038] FIG. 2C depicts an adapted display device for the example scenario 200 in which
image elements 210 include modifications in at least two dimensions as viewed at a viewing
angle other than the inferred viewing angle determined by the display adapter module 110.
In the example of FIG. 2C, the ‘Start’ image element can be representative of a gesture
element that is modified by the display adapter module 110 to enable easier selection by
modifying a selectable area associated with the displayed element. In implementations, the
display adapter module 110 can be configured to output less modification for image
elements output nearer to the inferred viewing angle, and to output more modification to the
image elements output further from to the inferred viewing angle.

[0039] FIG. 3 depicts generally at 300 a computing device 302 in an example
implementation to adapt a display to an inferred viewing angle. Generally, the example
implementation of FIG. 3 represents a dual display scenario where visual elements can be
separately displayed on the different respective displays. The computing device 302, for
example, represents a variation on the computing device 102. In this example, computing
device 302 includes input/output module 304, display adapter module 306, housings 308
and 310, display devices 312 and 314, sensors 316 and 318, and user 320. As illustrated in
FIG. 3, the computing device 302 is on a surface 322. Arrows 324 represent an inferred
viewing angle at which image elements are directed for display. The inferred viewing angle
generally corresponds to an angle at which the image elements are available for viewing by
an eye of the user 320. Generally, the inferred viewing angle is a result of processing data
from sensors 316 and 318 by the display adapter module 306 using any of the techniques
described herein.

[0040] In implementations, when the user 320 views the display device 106 at the viewing
angle determined by the display adapter module 110, image elements are output such that
they appear legible and readable i.e., represent minimal, if any, distortion as discussed above
in relation to FIG. 2B. However, when not viewed at the inferred viewing angle, the image
elements may appear distorted and ‘out of shape’ due to the modifications applied to the

image elements. To illustrate, FIG. 3 depicts presentations 326 and 328 which generally
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correspond to the display devices 312 and 314, respectively when viewed at a substantially
different angle form the inferred viewing angle. In implementations, presentation 326 may
instead appear split over portions of displays 312 and 314.

[0041] In the example depicted in FIG. 3, as a position of housing 308 changes relative to
housing 310, each of displays 312 and 314 are continuously updated to output modified
image elements. Here, the display adapter module 306 can be implemented to generate
modification to image elements that enable user 320 to view display device 312 while
continuing to ‘open’ and/or ‘close’ the computing device 302. In this example, the display
device 314 will present modified image elements so that viewing remains legible in a range
of positions. Thus, display devices 312 and 314 can adapt in accordance with a change in
the position of the housing 308 relative to the housing 310. Although display devices 312
and 314 are illustrated in FIG. 3 as separate devices, in alternative embodiments a single
display device can encompass multiple surfaces and/or housings of the computing
device 302.

[0042] FIGS. 4A and 4B are diagrams representing example scenarios 400 for adapting
displays of various computing devices in accordance with one or more implementations.
Generally, FIG. 4A represents a computing device having multiple displays while FIG. 4B
represents a computing device having a single continuous display over multiple surfaces
and housings.

[0043] In the example shown in FIG. 4A, computing device 402 includes an edge display
404 and an additional display 406 on housing 408, as well as another display 410 on housing
412. Although not shown, the computing device 402 includes an input/output module, a
display adapter module, and multiple sensors to provide adaptive display techniques as
discussed herein.

[0044] In implementations, the computing device 402 can transition output of image
elements from the edge display 404 to displays 406 and 410. For instance, image elements
can first appear on the edge display 404, and then appear on one or more of displays 406
and 410 in response to a change in position between the housings 408 and 412. In one
implementation, the edge display 404 and the additional display 406 can be combined as a
single display in which the single display is disposed on an inside surface of the housing
408 and extends to an outer edge of the housing 408. Regardless of how implemented, the
computing device 402 is operable to modify image elements on the edge display 404 and
displays 406 and 410 while the computing device 402 is between a ‘closed’ and an ‘open’

position. In one specific implementation, the computing device 402 operates to modify
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image elements while the computing device is fully closed via the edge display 404. In this
implementation, the edge display 404 can be modified to adjust output to an inferred angle
determined by the display adapter module.

[0045] In one specific implementation, the transitioning of a display can include
transitioning image elements among modified states starting on an external edge display
404 and extending to a primary display on an inside surface of the computing device 402.
Of course, the display device may be configured as a continuous display that extends from
the external edge of the device to an inside surface of the device, further discussion of which
can be found in relation to FIG. 4B.

[0046] In implementations, the computing device 402 is also operable to modify image
elements on the edge display 404 and displays 406 and 410 when ‘partially open’. In one
specific example, housing 408 may open to about 30 degrees or less relative to housing 412.
This can also be thought of a user ‘peeking’ since the opening to view the display is small.
However, the adaptive display techniques described herein are not limited to any particular
amount that a computing device is open but rather can be useful in a range of positions up
to an including a fully open position when normal display of image elements is restored.
[0047] FIG. 4B illustrates an additional scenario in which computing device 414 includes a
display device 416 over multiple surfaces. Asillustrated, the computing device 414 includes
a curved display portion 418 that spans housings 420 and 422. Thus, in implementations
the display device 416 can be configured as a single display device that folds and/or bends
in relation to the housings 420 and 422. In implementations, the computing device 414 can
be configured like that of computing device 102 in FIG. 1 to adapt the display device 416
so that image elements are visible according to an inferred viewing angle. In
implementations, the curved display portion 418 can include image elements having
different degrees of modifications relative to other portions of the display device 416. Thus,
the computing device 414 can implement the adaptive display techniques regardless of
whether a display is positioned on an inside, outside, and/or edge surface, and even when a
portion of the display device 416 is curved.

[0048] Various actions such as receiving, refining, modifying, adapting, transitioning,
inferring, and so forth performed by various modules are discussed herein. It should be
appreciated that the various modules may be configured in various combinations with
functionality to cause these and other actions to be performed. Functionality associated with
a particular module may be further divided among different modules and/or the functionality

represented by multiple modules may be combined together into a single logical module.
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Moreover, a particular module may be configured to cause performance of action directly
by the particular module. In addition, or alternatively, the particular module may cause
particular actions by invoking or otherwise accessing other components or modules to
perform the particular actions (or perform the actions in conjunction with that particular
module).

Example Procedures

[0049] The following discussion describes techniques that may be implemented utilizing
the previously described systems and devices. Aspects of each of the procedures may be
implemented in hardware, firmware, or software, or a combination thereof. The procedures
are shown as a set of blocks that specify operations performed by one or more devices and
are not necessarily limited to the orders shown for performing the operations by the
respective blocks.

[0050] In general, functionality, features, and concepts described in relation to the examples
above and below may be employed in the context of the example procedures described in
this section. Further, functionality, features, and concepts described in relation to different
figures and examples in this document may be interchanged among one another and are not
limited to implementation in the context of a particular figure or procedure. Moreover,
blocks associated with different representative procedures and corresponding figures herein
may be applied together and/or combined in different ways. Thus, individual functionality,
features, and concepts described in relation to different example environments, devices,
components, figures, and procedures herein may be used in any suitable combinations and
are not limited to the particular combinations represented by the enumerated examples in
this description.

[0051] In portions of the following discussion, reference may be made to the examples of
FIGS. 1-4. In at least some implementations, procedures 500 and/or 600 may be performed
by a suitably configured computing device such as computing device 102 of FIG. 1,
computing device 302 of FIG. 3, and computing devices 402 and 414 of FIGS. 4A and 4B
having a suitably configured display adapter module, or as described in relation to FIG. 7.
[0052] FIG. 5 is a flow diagram depicting a procedure in an example implementation in
which image elements are modified for display in dependence upon a position of first and
second housings of a computing device. Device orientation data indicative of a position of
a first housing of the computing device relative to a second housing of the computing device
is received via a first orientation-determining technique (block 502). For example, the

display adapter module 110 may receive device orientation data from the sensor 202 that is
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indicative of a degree of opening between the housings 114 and 116. The device orientation
data can be received at the display adapter module 110 responsive to a change in position
between the housings 114 and 116 relative to each other.

[0053] The position of the first housing relative to the second housing is refined based on
orientation data detected by a second orientation-determining technique (block 504). For
instance, in one or more implementations, the display adapter module 110 processes the
orientation data received from sensor 204 using any of the techniques described herein. In
one approach, the display adapter module 110 adjusts the device orientation data indicative
of the position of the first housing relative to the second housing to account for an orientation
of the computing device relative to a user (e.g., the computing device is held) and/or an
orientation of the computing device relative to an external environment (e.g., the computing
device is being held while a user is standing). In embodiments, the display device 106 is
adapted according to a result of the display adapter module which generally correlates the
processed device orientation data and the orientation data to an inferred viewing angle for
displaying images.

[0054] In implementations, image elements on a display device of the computing device are
modified to enable viewing of the modified image elements in dependence upon the refined
position of the first housing relative to the second housing (block 506). In one specific
implementation, the display adapter module 110 determines a modified state for the image
elements 210 while the computing device 102 is between ‘fully open’ and ‘closed’ positions.
By including the display adapter module 110 in a computing device, the display adapter
module 110 can be implemented to continuously update display of the modified image
elements on the display device in accordance with a change in the position of the housings
of the computing device.

[0055] FIG. 6 is a flow diagram depicting a procedure in an example implementation in
which image elements for display are transitioned among multiple modified states during a
change in position of a computing device. Device orientation data indicative of a position
of a first housing of the computing device relative to a second housing of the computing
device is received (block 602). For example, the display adapter module 110 may receive
device orientation data from one or more of the sensors 112 that is indicative of an amount
of separation between the housings 114 and 116.

[0056] The position of the first housing relative to the second housing is refined based on
accelerometer data detected by the computing device (block 604). For instance, the display

adapter module 110 adjusts an indication of the position of the housings relative to each
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other. In an example, the display adapter module 110 uses both the accelerometer data and
the device orientation data to correlate the combined data to a modified state for an image
element for display. In this way, typical positions of a user and/or device can be taken into
account when adapting the display. Therefore in this example, the display adapter module
110 can compute an amount of adjustment for image elements for display depending upon
whether the user is holding, walking, standing, sitting, or other ranges of postures. In one
specific example, refining the position can include using a camera to track a user’s posture
and determine their preferred computer position when standing and/or sitting, for instance.
In addition, or alternatively, refining the position can include using behavior data for a user
to leverage postures used in a variety of positions by a particular user when interacting with
a computer.

[0057] Display of image elements are transitioned among multiple modified states on a
display device of the computing device during a change of the position of the first housing
relative to the second housing (block 606). For instance, image elements are displayed on
the display device 106 in accordance with the correlated modified states. In one approach,
image elements are assigned modified states by the display adapter module 110 and output
on the display using the input/output module 104 of the computing device 102. Generally,
the modified states determined by the display adapter module 110 define modifications to
be made to the image when presented on a display at an inferred viewing angle.

[0058] Accordingly, techniques described herein enable a display of a computing device to
output content arranged for viewing at a particular viewing angle. For instance, adaptive
display techniques can be implemented to enable a user to view the display legibility when
partially open. Further, the adaptive display techniques can be implemented by the
described circuitry to enable the display of the computing device to present information and
process interactions even while it is difficult to see the entire display.

Example System and Device

[0059] FIG. 7 illustrates an example system 700 that, generally, includes an example
computing device 702 that is representative of one or more computing systems and/or
devices that may implement the various techniques described herein. This is illustrated
through inclusion of the display adapter module 110. The computing device 702 may be,
for example, a server of a service provider, a device associated with a client (e.g., a client
device), an on-chip system, and/or any other suitable computing device or computing
system.

[0060] The example computing device 702 as illustrated includes a processing system 704,
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one or more computer-readable media 706, and one or more I/O interface 708 that are
communicatively coupled, one to another. Although not shown, the computing device 702
may further include a system bus or other data and command transfer system that couples
the various components, one to another. A system bus can include any one or combination
of different bus structures, such as a memory bus or memory controller, a peripheral bus, a
universal serial bus, and/or a processor or local bus that utilizes any of a variety of bus
architectures. A variety of other examples are also contemplated, such as control and data
lines.

[0061] The processing system 704 is representative of functionality to perform one or more
operations using hardware. Accordingly, the processing system 704 is illustrated as
including hardware element 710 that may be configured as processors, functional blocks,
and so forth. This may include implementation in hardware as an application specific
integrated circuit or other logic device formed using one or more semiconductors. The
hardware elements 710 are not limited by the materials from which they are formed or the
processing mechanisms employed therein. For example, processors may be comprised of
semiconductor(s) and/or transistors, e.g., electronic integrated circuits (ICs). In such a
context, processor-executable instructions may be electronically-executable instructions.
[0062] The computer-readable storage media 706 is illustrated as including memory/storage
712. The memory/storage 712 represents memory/storage capacity associated with one or
more computer-readable media. The memory/storage component 712 may include volatile
media (such as random access memory (RAM)) and/or nonvolatile media (such as read only
memory (ROM), Flash memory, optical disks, magnetic disks, and so forth). The
memory/storage component 712 may include fixed media (e.g., RAM, ROM, a fixed hard
drive, and so on) as well as removable media, e.g., Flash memory, a removable hard drive,
an optical disc, and so forth. The computer-readable media 706 may be configured in a
variety of other ways as further described below.

[0063] Input/output interface(s) 708 are representative of functionality to allow a user to
enter commands and information to computing device 702, and also allow information to
be presented to the user and/or other components or devices using various input/output
devices. Examples of input devices include a keyboard, a cursor control device (e.g., a
mouse), a microphone, a scanner, touch functionality (e.g., capacitive or other sensors that
are configured to detect physical touch), a camera (e.g., which may employ visible or non-
visible wavelengths such as infrared frequencies to recognize movement as gestures that do

not involve touch and to recognize user posture), and so forth. Examples of output devices
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include a display device (e.g., a monitor or projector), speakers, a printer, a network card,
tactile-response device, and so forth. Thus, the computing device 702 may be configured in
a variety of ways as further described below to support user interaction.

[0064] Various techniques may be described herein in the general context of software,
hardware elements, or program modules. Generally, such modules include routines,
programs, objects, elements, components, data structures, and so forth that perform
particular tasks or implement particular abstract data types. The terms “module,”
“functionality,” and “component” as used herein generally represent software, firmware,
hardware, or a combination thereof. The features of the techniques described herein are
platform-independent, meaning that the techniques may be implemented on a variety of
commercial computing platforms having a variety of processors.

[0065] An implementation of the described modules and techniques may be stored on or
transmitted across some form of computer-readable media. The computer-readable media
may include a variety of media that may be accessed by the computing device 702. By way
of example, and not limitation, computer-readable media may include “computer-readable
storage media” and “computer-readable signal media.”

[0066] “Computer-readable storage media” may refer to media and/or devices that enable
persistent and/or non-transitory storage of information in contrast to mere signal
transmission, carrier waves, or signals per se. Thus, computer-readable storage media refers
to non-signal bearing media and does not include signals per se. The computer-readable
storage media includes hardware such as volatile and non-volatile, removable and non-
removable media and/or storage devices implemented in a method or technology suitable
for storage of information such as computer readable instructions, data structures, program
modules, logic elements/circuits, or other data. Examples of computer-readable storage
media may include, but are not limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage, hard
disks, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or other storage device, tangible media, or article of manufacture suitable to store
the desired information and which may be accessed by a computer.

[0067] “Computer-readable signal media” may refer to a signal-bearing medium that is
configured to transmit instructions to the hardware of the computing device 702, such as via
a network. Signal media typically may embody computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as carrier waves,

data signals, or other transport mechanism. Signal media also include any information
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delivery media. The term “modulated data signal” means a signal that has one or more of
its characteristics set or changed in such a manner as to encode information in the signal.
By way of example, and not limitation, communication media include wired media such as
a wired network or direct-wired connection, and wireless media such as acoustic, RF,
infrared, and other wireless media.

[0068] As previously described, hardware elements 710 and computer-readable media 706
are representative of modules, programmable device logic and/or fixed device logic
implemented in a hardware form that may be employed in one or more implementations to
implement at least some aspects of the techniques described herein, such as to perform one
or more instructions. Hardware may include components of an integrated circuit or on-chip
system, an application-specific integrated circuit (ASIC), a field-programmable gate array
(FPGA), a complex programmable logic device (CPLD), and other implementations in
silicon or other hardware. In this context, hardware may operate as a processing device that
performs program tasks defined by instructions and/or logic embodied by the hardware as
well as a hardware utilized to store instructions for execution, e.g., the computer-readable
storage media described previously.

[0069] Combinations of the foregoing may also be employed to implement various
techniques described herein. Accordingly, software, hardware, or executable modules may
be implemented as one or more instructions and/or logic embodied on some form of
computer-readable storage media and/or by one or more hardware elements 710. The
computing device 702 may be configured to implement particular instructions and/or
functions corresponding to the software and/or hardware modules.  Accordingly,
implementation of a module that is executable by the computing device 702 as software may
be achieved at least partially in hardware, e.g., through use of computer-readable storage
media and/or hardware elements 710 of the processing system 704. The instructions and/or
functions may be executable/operable by one or more articles of manufacture (for example,
one or more computing devices 702 and/or processing systems 704) to implement
techniques, modules, and examples described herein.

[0070] As further illustrated in Fig. 7, the example system 700 enables ubiquitous
environments for a seamless user experience when running applications on a personal
computer (PC), a television device, and/or a mobile device. Services and applications run
substantially similar in all three environments for a common user experience when
transitioning from one device to the next while utilizing an application, playing a video

game, watching a video, and so on.
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[0071] In the example system 700, multiple devices are interconnected through a central
computing device. The central computing device may be local to the multiple devices or
may be located remotely from the multiple devices. In one embodiment, the central
computing device may be a cloud of one or more server computers that are connected to the
multiple devices through a network, the Internet, or other data communication link.

[0072] In one embodiment, this interconnection architecture enables functionality to be
delivered across multiple devices to provide a common and seamless experience to a user
of the multiple devices. Each of the multiple devices may have different physical
requirements and capabilities, and the central computing device uses a platform to enable
the delivery of an experience to the device that is both tailored to the device and yet common
to all devices. In one embodiment, a class of target devices is created and experiences are
tailored to the generic class of devices. A class of devices may be defined by physical
features, types of usage, or other common characteristics of the devices.

[0073] In various implementations, the computing device 702 may assume a variety of
different configurations, such as for computer 714, mobile 716, and television 718 uses.
Each of these configurations includes devices that may have generally different constructs
and capabilities, and thus the computing device 702 may be configured according to one or
more of the different device classes. For instance, the computing device 702 may be
implemented as the computer 714 class of a device that includes a personal computer,
desktop computer, a multi-screen computer, laptop computer, netbook, and so on.

[0074] The computing device 702 may also be implemented as the mobile 716 class of
device that includes mobile devices, such as a mobile phone, portable music player, portable
gaming device, a tablet computer, a multi-screen computer, and so on. The computing
device 702 may also be implemented as the television 718 class of device that includes
devices having or connected to generally larger screens in casual viewing environments.
These devices include televisions, set-top boxes, gaming consoles, and so on.

[0075] The techniques described herein may be supported by these various configurations
of the computing device 702 and are not limited to the specific examples of the techniques
described herein. This is illustrated through inclusion of the display adapter module 110 the
computing device 702. The functionality represented by the display adapter module 110
and other modules/applications may also be implemented all or in part through use of a
distributed system, such as over a “cloud” 720 via a platform 722 as described below.
[0076] The cloud 720 includes and/or is representative of a platform 722 for resources

724. The platform 722 abstracts underlying functionality of hardware (e.g., servers) and
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software resources of the cloud 720. The resources 724 may include applications and/or
data that can be utilized while computer processing is executed on servers that are remote
from the computing device 702. Resources 724 can also include services provided over the
Internet and/or through a subscriber network, such as a cellular or Wi-Fi network.

[0077] The platform 722 may abstract resources and functions to connect the computing
device 702 with other computing devices. The platform 722 may also serve to abstract
scaling of resources to provide a corresponding level of scale to encountered demand for the
resources 724 that are implemented via the platform 722. Accordingly, in an interconnected
device embodiment, implementation of functionality described herein may be distributed
throughout the system 700. For example, the functionality may be implemented in part on
the computing device 702 as well as via the platform 722 that abstracts the functionality of
the cloud 720.

[0078] Implementations discussed herein include:

[0079] Example 1: A computing device comprising: a display device configured to
display image elements; a first sensor configured to determine an angle of a first housing
relative to a second housing of the computing device; a second sensor configured to
determine an orientation of the computing device; and adisplay  adapter  circuit
configured to perform operations comprising: processing hinge angle data from the first
sensor and orientation data from the second sensor; inferring a viewing angle to output the
image elements for display in dependence upon the hinge angle data and the orientation
data; and adapting the display device to enable display of the image elements at the inferred
viewing angle while the computing device is between a closed position and a fully open
position.

[0080] Example 2: The computing device as described in example 1, wherein the display
adapter circuit is configured to perform further operations including enabling interactive
gestures related to the displayed image elements by reconfiguring a size and a shape of the
displayed image elements in accordance with the inferred viewing angle.

[0081] Example 3: The computing device as described in one or more of examples 1 or 2,
wherein the inferring the viewing angle includes determining a modified state from among
a set of modified states that correlates a combination of the hinge angle data and the
orientation data to different available viewing angles.

[0082] Example 4: The computing device as described in one or more of examples 1-3,
wherein the second sensor configured to determine the orientation of the computing device

includes using the second sensor to determine whether the computing device is being held.
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[0083] Example 5: The computing device as described in one or more of examples 1-4,
wherein the second sensor configured to determine the orientation of the computing device
includes using the second sensor to determine a position of the computing device relative to
an external environment.

[0084] Example 6: The computing device as described in one or more of examples 1-5,
wherein to adapt the display device includes to continuously distort the image elements
responsive to a change in a position of the computing device relative to an external
environment.

[0085] Example 7: The computing device as described in one or more of examples 1-6,
wherein the second sensor configured to determine the orientation of the computing device
includes using a camera or an accelerometer disposed in the first housing or the second
housing.

[0086] Example 8: A method implemented by a computing device, the method
comprising: receiving, via a first orientation-determining technique, device orientation data
indicative of a position of a first housing of the computing device relative to a second
housing of the computing device; refining the position of the first housing relative to the
second housing based on orientation data detected by a second orientation-determining
technique; and modifying image elements on a display device of the computing device to
enable viewing of the modified image elements in dependence upon the refined position of
the first housing relative to the second housing.

[0087] Example 9: The method as described in example 8, wherein the refining the
position of the first housing relative to the second housing includes inferring a viewing angle
to output the image elements for display on the display device and the modifying includes
distorting the image elements on the display device according to the inferred viewing angle.
[0088] Example 10: The method as described in one or more of examples 8 or 9, wherein
the orientation data indicates whether the computing device is being held or is placed on a
surface.

[0089] Example 11: The method as described in one or more of examples 8-10, wherein
the computing device is a clamshell computing device.

[0090] Example 12: The method as described in one or more of examples 8-11, wherein
the device orientation data is obtained by a hinge sensor disposed in a hinge that enables
movement between the first and second housings.

[0091] Example 13: The method as described in one or more of examples 8-12, further

comprising repeating the receiving, the refining, and the modifying responsive to a change
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in a position of the computing device.

[0092] Example 14: The method as described in one or more of examples 8-13, further
comprising continuously updating display of the modified image elements on the display
device in accordance with a change in the position of the first housing of the computing
device relative to the second housing of the computing device.

[0093] Example 15: The method as described in one or more of examples 8-14, wherein
the position of the first housing relative to the second housing indicates a degree of
separation between the first and second housings.

[0094] Example 160 A method implemented by a computing device, the method
comprising: receiving device orientation data indicative of a position of a first housing of
the computing device relative to a second housing of the computing device; refining the
position of the first housing relative to the second housing based on accelerometer data
detected by the computing device; and transitioning display of image elements among
multiple modified states on a display device of the computing device during a change of the
position of the first housing relative to the second housing.

[0095] Example 17: The method as described in example 16, wherein each of the multiple
modified states for the image elements represent different degrees of modification for the
image elements such that the transitioning includes applying two or more of the multiple
modified states during the change of the position of the first housing relative to the second
housing.

[0096] Example 18: The method as described in one or more of examples 16 or 17,
wherein at least one image element includes text and wherein at least one of the multiple
modified states for the text identifies at least two dimensions at which to modify the text for
display on the display device.

[0097] Example 19: The method as described in one or more of examples 16-18, wherein
the image elements include information elements to provide information on the display
device and gesture elements that are selectable to receive an input to invoke an action.
[0098] Example 20: The method as described in one or more of examples 16-19, wherein
the display device is disposed on an inside surface of the first housing and extends to an
outer edge of the first housing and wherein the transitioning display of the image elements
among the multiple modified states on the display device of the computing device includes
transitioning display of the image elements across the outer edge of the first housing to the
inside surface of the first housing.

Conclusion
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[0099] Although the techniques have been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific features or acts described.
Rather, the specific features and acts are disclosed as example forms of implementing the
claimed subject matter, and other equivalent features and methods are intended to be within
the scope of the appended claims. Further, various different embodiments are described and
it is to be appreciated that each described embodiment can be implemented independently

or in connection with one or more other described embodiments.
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CLAIMS

1. A computing device comprising:

a display device configured to display image elements;

a first sensor configured to determine an angle of a first housing relative to a second
housing of the computing device;

a second sensor configured to determine an orientation of the computing device; and

a display adapter circuit configured to perform operations comprising:

processing hinge angle data from the first sensor and orientation data from
the second sensor;

inferring a viewing angle to output the image elements for display in
dependence upon the hinge angle data and the orientation data; and

adapting the display device to enable display of the image elements at the
inferred viewing angle while the computing device is between a closed position and

a fully open position.

2. The computing device of claim 1, wherein the display adapter circuit is
configured to perform further operations including enabling interactive gestures related to
the displayed image elements by reconfiguring a size and a shape of the displayed image
elements in accordance with the inferred viewing angle.

3. The computing device of claim 1, wherein the inferring the viewing angle
includes determining a modified state from among a set of modified states that correlates a
combination of the hinge angle data and the orientation data to different available viewing
angles.

4. The computing device of claim 1, wherein the second sensor configured to
determine the orientation of the computing device includes using the second sensor to
determine whether the computing device is being held.

5. The computing device of claim 1, wherein the second sensor configured to
determine the orientation of the computing device includes using the second sensor to
determine a position of the computing device relative to an external environment.

6. The computing device of claim 1, wherein to adapt the display device
includes to continuously distort the image elements responsive to a change in a position of
the computing device relative to an external environment.

7. The computing device of claim 1, wherein the second sensor configured to
determine the orientation of the computing device includes using a camera or an

accelerometer disposed in the first housing or the second housing.
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8. A method implemented by a computing device for modifying image
elements on a display device of the computing device, the method comprising:

receiving, via a first orientation-determining technique, first orientation data
indicative of a position of a first housing of the computing device relative to a second
housing of the computing device;

refining the position of the first housing relative to the second housing based on
second orientation data detected by a second orientation-determining technique; and

modifying image elements on a display device of the computing device to enable
viewing of the modified image elements in dependence upon the refined position of the first
housing relative to the second housing.

0. The method of claim 8, wherein the refining the position of the first housing
relative to the second housing includes inferring a viewing angle to output the image
elements for display on the display device and the modifying includes distorting the image
elements on the display device according to the inferred viewing angle.

10. The method of claim 8, wherein the modifying the image elements on the
display device occurs while the computing device is between a closed position and a fully
open position.

11. The method of claim 8, further comprising repeating the receiving, the
refining, and the modifying responsive to a change in a position of the computing device.

12. The method of claim 8, wherein the first orientation data is obtained by a
hinge sensor disposed in a hinge that enables movement between the first and second
housings.

13. The method of claim 8, wherein the first orientation data indicates whether
the computing device is being held or is placed on a surface.

14. The method of claim 8, further comprising continuously updating display of
the modified image elements on the display device in accordance with a change in the
position of the first housing of the computing device relative to the second housing of the
computing device.

15. The method of claim 8, wherein the position of the first housing relative to

the second housing indicates a degree of separation between the first and second housings.
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Refine the position of the first housing relative to the second housing based
on second orientation data detected by a second orientation-determining
technique

y

506
Modify image elements on a display device of the computing device to enable
viewing of the modified image elements in dependence upon the refined
position of the first housing relative to the second housing
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602
Receive device orientation data indicative of a position of a first housing of the
computing device relative to a second housing of the computing device

Y

604
Refine the position of the first housing relative to the second housing based
on accelerometer data detected by the computing device

y

606
Transition display of image elements among multiple modified states on a
display device of the computing device during a change of the position of the
first housing relative to the second housing
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