wO 2014/150160 A1 | I 0N OO OO A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/150160 A1

25 September 2014 (25.09.2014) WIPO I PCT
(51) International Patent Classification: (74) Agent: BLOUNT, Barry, D.; International Ip Law Group,
GOG6F 3/048 (2013.01) GOG6F 3/14(2006.01) P.L.L.C, ¢/o CPA GLOBAL, PO Box 52050, Minneapolis,
(21) International Application Number: MN 35402 (US).
PCT/US2014/022437 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
10 March 2014 (10.03.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13/834,262 15 March 2013 (15.03.2013) Us OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(71) Applicant (for all designated States except US): INTEL TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
CORPORATION [US/US]; 2200 Mission College ZW.
Boulevard, Santa Clara, CA 95054 (US).
(84) Designated States (uniess otherwise indicated, for every
(72) Inventors; and kind of regional protection available): ARIPO (BW, GH,
(71)  Applicants (for US only): RAFFA, Giuseppe [IT/US]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

4185 NW 176th Avenue, Portland, OR 97229 (US). WAN,
Chieh-Yih [MY/US]; 159 NW 208 Avenue, Beaverton,
OR 97006 (US).

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: AUTOMATIC DEVICE DISPLAY ORIENTATION DETECTION

(57) Abstract: The present disclosure
provides techniques for automatically

FgG . ’2 changing device display orientation. A
100 ~, computing device includes a display and
- an inertial measurement unit (IMU) to
detect changes in computing device ori-
108 entation. The computing device also in-
LRy - GPU cludes a driver to change an orientation
i of the display when a change in orienta-
102 108~ tion of the computing device is detected
104 — . by the IMU. A camera can be used to
) 110 ™ track user eye position in response to de-
Memary Digplay Display tection of a change in orientation of the
Interface Device computing device by the IMU.
112
NIG 114 ~
118 50 Davice Y0 Devices E l
interface A
Storage ’
X;ﬁpiiﬂﬁﬁ@ns ,::.— -
il
1247




WO 2014/150160 A1 WA 00T 000 T A AR

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

GW, KM, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



10

15

20

25

30

35

WO 2014/150160 PCT/US2014/022437
AUTOMATIC DEVICE DISPLAY ORIENTATION DETECTION

TECHNICAL HIELD
The present invention relates to mobile devices. In particular, the present invention relates

to orientating the display of mobile devices.

BACKGROUND
Mobile devices can be held in a variety of ways and oriented in multiple directions. The
display of a mobile device is oriented based on the orientation of the mobile device. Currently,
automatic display orientation is based on an accelerometer reading and the assumption that the

user is looking at the display in the natural orientation of the body subjected to gravity.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain exemplary embodiments are described in the following detailed description and in
reference to the drawings, in which:

Fig. 1 is a block diagram of a computing device;

Fig. 2 is a block diagram of an example of a system for orienting a display;

Fig. 3 is an illustration of a change in display orientation;

Fig. 4 is an illustration of a display orientation in relation to a user position;

Fig. 5 is an illustration of a change in display orientation;

Fig. 6 is a process flow diagram of a method of orienting a display; and

Fig. 7 is a process flow diagram of a method of orienting a display.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
Embodiments disclosed herein provide techniques for automatically orienting a device

display. Current techniques for automatically orienting a device display rely on an
accelerometer reading. However, the current technique is only effective when the device is in a
vertical position. When the device is in a horizontal position, gravity will not cause any effect on
the accelerometer reading to trigger an appropriate change in device display orientation.
However, by employing detection devices such as a compass and a gyrometer in addition to the
accelerometer, changes in device orientation can be detected, regardless of whether the device is
in a vertical position or a horizontal position. A camera can be used to detect user face contour
and/or eye position in response to a detection of a change in device orientation. By employing a
camera in addition to the detection devices, changes in device orientation, or a lack of changes in
device orientation, can be detected, even if the user is in a horizontal position, or changes

position from vertical to horizontal.
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Fig. 1 is a block diagram of a computing device 100. The computing device 100 may be,

for example, a laptop computer, tablet computer, mobile device, or cellular phone, such as a
smartphone, among others. The computing device 100 can include a central processing unit
(CPU) 102 that is configured to execute stored instructions, as well as a memory device 104 that
stores instructions that are executable by the CPU 102. The CPU 102 can be coupled to the
memory device 104 by a bus 106. Additionally, the CPU 102 can be a single core processor, a
multi-core processor, or any number of other configurations. Furthermore, the computing device
100 can include more than one CPU 102.

The computing device 100 can also include a graphics processing unit (GPU) 108. As
shown, the CPU 102 can be coupled through the bus 106 to the GPU 108. The GPU 108 can be
configured to perform any number of graphics operations within the computing device 100. For
example, the GPU 108 may be configured to render or manipulate graphics images, graphics
frames, videos, or the like, to be displayed to a user of the computing device 100. In some
embodiments, the GPU 108 includes a number of graphics engines, wherein each graphics
engine is configured to perform specific graphics tasks, or to execute specific types of
workloads.

The memory device 104 can include random access memory (RAM), read only memory
(ROM), flash memory, or any other suitable memory systems. For example, the memory device
104 may include dynamic random access memory (DRAM). The CPU 102 can be linked
through the bus 106 to a display interface 110 configured to connect the computing device 100 to
a display device 112. The display device 112 can include a display screen that is a built-in
component of the computing device 100. The display device 112 can also include a computer
monitor, television, or projector, among others, that is externally connected to the computing
device 100.

The CPU 102 can also be connected through the bus 106 to an input/output (I/O) device
interface 114 configured to connect the computing device 100 to one or more I/O devices 116.
The I/O devices 116 can include, for example, a keyboard and a pointing device, wherein the
pointing device may include a touchpad or a touchscreen, among others. The I/O devices 116
can be built-in components of the computing device 100, or can be devices that are externally
connected to the computing device 100.

A network interface card (NIC) 118 can be adapted to connect the computing device 100
through the system bus 106 to a network (not depicted). The network (not depicted) may be a
wide area network (WAN), local area network (LAN), or the Internet, among others. In an
example, the computing device 100 can connect to a network via a wired connection or a

wireless connection.
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The computing device 100 also includes a storage device 120. The storage device 120 is a
physical memory such as a hard drive, an optical drive, a thumbdrive, a secure digital (SD) card,
a microSD card, an array of drives, or any combinations thereof, among others. The storage
device 120 can also include remote storage drives. The storage device 120 includes any number
of applications 122 that are configured to run on the computing device 100.

The computing device 100 includes an inertial measurement unit (IMU) 124. The IMU
124 measures the movement of the computing device 100. In particular, the IMU 124 measures
the pitch, roll, and yaw of the computing device 100. Pitch, roll, and yaw are measured in
reference to the typical vertical position as the starting position. The typical vertical position can
refer to the position at which the device has a pitch, yaw, and roll of zero. In embodiments, the
typical vertical position of a cell phone can refer to the position at which the cell phone has an
ear speaker at the top most portion of the device and a microphone at the bottom most portion of
the device. Furthermore, in embodiments, the typical vertical position of a tablet device can
refer to the position at which the tablet device has a camera lens at the top most portion of the
device, and user controls at the bottom most portion of the device. When the data collected by
the IMU 124 indicates a change in computing device orientation, such as more than a predefined
threshold, a corresponding change in display orientation is triggered, or the camera is activated
to double check the real relative orientation of the device with respect to the user.

The block diagram of Fig. 1 is not intended to indicate that the 100 is to include all of the
components shown in Fig. 1. Further, the mobile device 100 may include any number of
additional components not shown in Fig. 1, depending on the details of the specific
implementation.

Fig. 2 is a block diagram of a system 200 for orienting a display. The system 200 is
included in a computing device, such as computing device 100. The system 200 includes an
inertial measurement unit (IMU) 202. The IMU 202 may the same as the IMU 124 discussed
with respect to Fig. 1. The IMU 202 includes three devices, a compass 204, an accelerometer
206, and a gyrometer 208. Using the three devices 204, 206, and 208, the IMU 202 is able to
measure three angles, pitch, roll, and yaw, (i.e. rotation about the x, y, and z axes) of the
computing device, resulting in a six degree of freedom (6DOF) or nine degree of freedom
(9DOF) algorithm.

With a 6DOF algorithm, the pitch, roll, and relative yaw of the device are measured and
used to compute a change in orientation of the device. In other words, translation in three
perpendicular axes is measured and used to compute a change in orientation of the device.
Specifically, pitch refers to the forward and backward inclination of the device. Yaw refers to

the lateral edges of the device rotating to the left and right. Roll refers to the top and bottom
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edges of the device rotating to the left and the right. With a 9DOF algorithm, the measurements

from a three degree of freedom compass (3DOF), a 3DOF accelerometer, and a 3DOF gyroscope
are used to calculate the change in orientation of the device with respect to the magnetic North of
the earth.

When the IMU 202 detects a rotation of a computing device about an axis greater than a
set amount, a camera 210 is triggered. In an example, the set amount can be 20 degrees, 45
degrees, 90 degrees, or any other determined angle. In an example, the set amount can be
determined and programmed by a manufacturer, a user, or others. The camera can be turned on
at startup when the device is in startup position, i.e. vertical position. While the display is on, the
position of the eyes and a face contour is captured and the display is oriented based on the
position. The camera can then be turned off until a movement of the device is detected. In this
manner, the device power is conserved. Although the IMU 124 is described using a compass,
accelerometer, and gyrometer, any device that captures direction, rotation, and acceleration can
be used to detect the rotation and movement of the computing device.

The camera 210 is positioned in the housing of the computing device on the face of the
computing device such that the camera 210 faces the user during use of the computing device.

In an example, the camera is a dedicated camera. In another example, the camera 210 is present
on the computing device in addition to at least one other camera present on the computing
device. In a further example, the camera is a functioning camera used to take pictures as well as
to detect a user’s face and/or eye position. The camera can be a still-shot camera, a video
camera, a combination still-shot camera and video camera, an infrared camera, a three
dimensional camera, or any other type of camera. In embodiments, the camera can be duty
cycled such that the camera is powered off until the device detects movement beyond a
determined threshold. For example, the camera can be turned on at device startup when the
device is at the starting position, i.e. typical vertical position, and capture the user face and/or
eye position. The camera can then be turned off until a change in device orientation is detected
by the IMU. By duty cycling the camera, power can be saved by not supplying constant power
to the camera as the camera is powered off when not in use.

The data collected by the camera 210 is analyzed at face/eyes detection 212. The face/eyes
detection 212 analyzes the camera data to determine the position of the user’s face and/or eyes in
relation to the computing device. The information collected by the IMU 202 and the position of
the user’s face and/or eyes are transferred to a display rotation decision unit 214. The display
rotation decision unit 214 uses the information to determine if the device display should be
rotated in accordance with the device orientation to maintain the alignment of the display

orientation and the user’s eyes. If the display rotation decision unit 214 determines the device
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display is to be reoriented, the display driver 216 initiates the display reorientation.

In another example, the camera remains on at all times. When the camera is on at all
times, the camera tracks the face and/or eyes of the user on a continuing basis. The display
orientation is maintained based on the face/eye position.

In a further example, the computing device does not include a camera. The orientation of
the device is determined based on data collected by the IMU 202. The orientation of the display
is determined based on the device orientation. When the device is vertical, i.e. in portrait
position, the current accelerometer-based approach is used. When the device is put on a
horizontal surface, the current orientation is considered to be “preserved”. If yaw changes
happen when on the horizontal surface, the display is rotated in order to maintain the original
orientation.

The block diagram of Fig. 2 is not intended to indicate that the system 200 is to include all
of the components shown in Fig. 2. Further, the system 200 may include any number of
additional components not shown in Fig. 2, depending on the details of the specific
implementation.

Fig. 3 is an illustration of a change in display orientation. The mobile device 302 includes
display 304 and camera 306. In the portrait position or general vertical starting position 308, the
display is oriented such that the display is up as indicated by arrow 310. When the mobile
device 302 is rotated in direction 312 to landscape position 314, the display orientation is also
rotated such that upwards on the display is indicated by arrow 316. When held in a vertical
position, the rotation of the display is triggered by a typical accelerometer-based algorithm. For
example, considering Fig.3 and a typical orientation system, before movement 312, the
accelerometer will be subjected to gravity on the negative Y axis, whereas after the movement, X
axis will be subjected to gravity. Hence, mapping those values to a specific display orientation is
the typical algorithm being used. When placed in a horizontal position, such as held by a user or
placed on a table, the rotation of the display is triggered by the 6DOF algorithm or the 9DOF
algorithm.

Fig. 4 is an illustration of a display orientation in relation to a user position. A user 402 is
oriented in a vertical position 404, such as sitting in a chair. The user 402 holds the device 406
such that there is a line of sight 408 between the device 406 and the user 402. When the user
402 moves to a horizontal position 410, such as lying on a bed, the line of sight 408 between the
user 402 and the device 406 is unchanged. The IMU detects the lack of change in the position of
the device, and therefore the lack of change in the line of sight 308, and maintains the orientation
of the display from the vertical position 404 to the horizontal position 410. In another example,

the IMU may detect a rotation about the horizontal axis and trigger a camera. The camera
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detects the lack of change in the position of the user eyes, and thus the lack of change in the line
of sight 308. In accordance with the lack of change in the position of the user eyes, the
orientation of the display is unchanged.

Fig. 5 is an illustration of a change in display orientation. When the device is vertical
starting position, i.e. in portrait position, the current accelerometer-based approach is used, in
which display orientation is triggered by changes registered by the accelerometer. When the
device is held horizontally, such as by a user or a piece of furniture 502, the algorithm will
switch to a 6DOF algorithm or 9DOF algorithm to track orientation changes in which the
information collected by the IMU 202 triggers changes in display orientation.

When the device 504 is placed on the table 502 in a portrait position 506, the display is
orientated such that up is oriented as indicated by arrow 508. When the device is rotated as
indicated by arrow 510 to a landscape position 512, the change in orientation is detected by the
compass and the gyrometer of the IMU, but no change in accelerometer is detected. Due to the
detection of orientation change, the display is rotated such that up within the display is indicated
by arrow 514. The change in display rotation can be triggered when a predetermined amount of
change in device orientation is detected by the IMU. For example, when the device is rotated at
least 90 degrees, the display orientation is changed in accordance with the change in device
orientation, but if the device is rotated less than 90 degrees, the orientation of the display is
unchanged. The predetermined amount of change can be set by a user or a manufacturer. The
predetermined amount of change can be set to any number, such as 30 degrees, 45 degrees, 90
degrees, or any other suitable amount of change.

Fig. 6 is a process flow diagram of a method of orienting a display. At block 602, data is
received from the IMU. The IMU measures angles of rotation about the x, y, and z axes of a
computing device. To measure the angles of rotation, the IMU includes a compass, an
accelerometer, and a gyrometer, resulting in an algorithm with 6 degrees of freedom (DOF) or
9DOF. Additional devices to measure rotation of the computing device may also be included in
the IMU. At block 604, the data from the IMU is analyzed for an indication of a change in
device orientation. At block 606, the device display is oriented in accordance with the device
orientation.

Fig. 7 is a process flow diagram of a method of orienting a display. At block 702, IMU
data is received. The IMU data is data from a combination of a compass, an accelerometer, and
a gyrometer. At block 704, face and eye detection information is received from a camera. The
camera can be triggered by detection by the IMU of a change in device orientation. In another
example, the camera can be on and tracking user eye and/or face orientation at all times. At

block 706, the IMU and camera data is analyzed for an indication of a change in device
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orientation. At block 708, the device display is oriented in accordance with the device
orientation. The orientation of the device display is changed if a change in device orientation is
detected. If no change in device orientation is detected, the orientation of the display is not
changed.

Program instructions may be used to cause a general-purpose or special-purpose
processing system that is programmed with the instructions to perform the operations described
herein. These operations include, but are not limited to, the process flows described in Fig. 6 and
Fig. 7. Alternatively, the operations may be performed by specific hardware components that
contain hardwired logic for performing the operations, or by any combination of programmed
computer components and custom hardware components. The methods described herein may be
provided as a computer program product that may include one or more machine readable media
having stored thereon instructions that may be used to program a processing system or other
electronic device to perform the methods. The term “machine readable medium” used herein
shall include any medium that is capable of storing or encoding a sequence of instructions for
execution by the machine and that cause the machine to perform any one of the methods
described herein. The term “machine readable medium” shall accordingly include, but not be
limited to, memories such as solid-state memories, optical and magnetic disks. Furthermore, it is
common in the art to speak of software, in one form or another (e.g., program, procedure,
process, application, module, logic, and so on) as taking an action or causing a result. Such
expressions are merely a shorthand way of stating that the execution of the software by a
processing system causes the processor to perform an action or produce a result.

Example 1

A device is disclosed herein. The device includes logic, at least partially including
hardware logic, to receive data from an inertial measurement unit (IMU). The device also
includes logic to analyze IMU data for changes in computing device orientation. The device
further includes logic to orient a device display in accordance with the computing device
orientation.

The device may include logic to receive a user eye position in relation to the device
display. The user eye position can be detected by a camera. The camera is triggered by
detection of the changes in computing device orientation by the IMU. The camera is triggered
when the IMU detects changes in device orientation greater than a predetermined amount. The
IMU can include a gyrometer, a compass, and an accelerometer. The device may employ a six
degree of freedom (6DOF) algorithm or a nine degree of freedom (9DOF) algorithm. The device
may include logic to detect pitch, roll, and yaw of the device.

Example 2
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A system for changing display orientation is described herein. The system includes an
inertial measurement unit (IMU) to collect device orientation data. The system also includes a
decision engine to analyze the device orientation data to determine changes in device orientation.
The system further includes a driver to initiate a change in device display orientation in
accordance with a change in device orientation.

The system may include a camera to detect user eyes position. The camera detects user
eyes position when a change in device orientation is detected by the IMU. The orientation of the
display is changed based on the user eye position. The IMU may include an accelerometer, a
gyrometer, and a compass. The system can employ a six degree of freedom (6DOF) algorithm
or a nine degree of freedom ((DOF) algorithm. The IMU detects pitch, roll, and yaw of the
device. The system detects changes in device orientation when the device is in a horizontal
position.

Example 3

A computing device is described herein. The computing device includes a display and an
inertial measurement unit (IMU) to detect changes in device orientation. The computing device
also includes a driver to change an orientation of the display when a change in orientation of the
computing device is detected by the IMU.

The computing device may include a camera to detect user eye position. The camera
detects user eye position when a change in device orientation is detected by the IMU. The driver
changes the orientation of the display based on user eye position. The IMU may include an
accelerometer, a gyrometer, and a compass. The system can employ a six degree of freedom
(6DOF) algorithm or a nine degree of freedom (9DOF) algorithm. The IMU detects pitch, roll,
and yaw of the device.

Example 4

A tangible, non-transitory, computer-readable medium is disclosed herein. The tangible,
non-transitory, computer-readable medium includes code to direct a processor to receive data
from an inertial measurement unit (IMU). The tangible, non-transitory, computer-readable
medium also includes code to direct a processor to analyze IMU data for changes in computing
device orientation. The tangible, non-transitory, computer-readable medium further includes
code to direct a processor to orient a device display in accordance with the computing device
orientation.

In the foregoing description and claims, the terms “coupled” and “connected,” along with
their derivatives, may be used. It should be understood that these terms are not intended as
synonyms for each other. Rather, in particular embodiments, “connected” may be used to

indicate that two or more elements are in direct physical or electrical contact with each other.
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“Coupled” may mean that two or more elements are in direct physical or electrical contact.
However, “coupled” may also mean that two or more elements are not in direct contact with each
other, but yet still co-operate or interact with each other.

Some embodiments may be implemented in one or a combination of hardware, firmware,
and software. Some embodiments may also be implemented as instructions stored on a machine-
readable medium, which may be read and executed by a mobile platform to perform the
operations described herein. A machine-readable medium may include any mechanism for
storing or transmitting information in a form readable by a machine, e.g., a computer. For
example, a machine-readable medium may include read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical storage media; flash memory devices,
among others.

An embodiment is an implementation or example. Reference in the specification to "an

"o LYY EENYS

embodiment," "one embodiment," “some embodiments,” “various embodiments,” or "other
embodiments" means that a particular feature, structure, or characteristic described in connection
with the embodiments is included in at least some embodiments, but not necessarily all
embodiments, of the inventions. The various appearances of "an embodiment," "one
embodiment," or “some embodiments™ are not necessarily all referring to the same
embodiments. Elements or aspects from an embodiment can be combined with elements or
aspects of another embodiment.

Not all components, features, structures, characteristics, etc. described and illustrated
herein need be included in a particular embodiment or embodiments. If the specification states a
component, feature, structure, or characteristic “may”, “might”, “can” or “could” be included,
for example, that particular component, feature, structure, or characteristic is not required to be
included. If the specification or claim refers to "a" or "an" element, that does not mean there is
only one of the element. If the specification or claims refer to "an additional" element, that does
not preclude there being more than one of the additional element.

It is to be noted that, although some embodiments have been described in reference to
particular implementations, other implementations are possible according to some embodiments.
Additionally, the arrangement and/or order of circuit elements or other features illustrated in the
drawings and/or described herein need not be arranged in the particular way illustrated and
described. Many other arrangements are possible according to some embodiments.

In each system shown in a figure, the elements in some cases may each have a same
reference number or a different reference number to suggest that the elements represented could
be different and/or similar. However, an element may be flexible enough to have different

implementations and work with some or all of the systems shown or described herein. The
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various elements shown in the figures may be the same or different. Which one is referred to as
a first element and which is called a second element is arbitrary.

In the preceding description, various aspects of the disclosed subject matter have been
described. For purposes of explanation, specific numbers, systems and configurations were set
forth in order to provide a thorough understanding of the subject matter. However, it is apparent
to one skilled in the art having the benefit of this disclosure that the subject matter may be
practiced without the specific details. In other instances, well-known features, components, or
modules were omitted, simplified, combined, or split in order not to obscure the disclosed
subject matter.

While the disclosed subject matter has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense. Various
modifications of the illustrative embodiments, as well as other embodiments of the subject
matter, which are apparent to persons skilled in the art to which the disclosed subject matter
pertains are deemed to lie within the scope of the disclosed subject matter.

While the present techniques may be susceptible to various modifications and alternative
forms, the exemplary examples discussed above have been shown only by way of example. It is
to be understood that the technique is not intended to be limited to the particular examples
disclosed herein. Indeed, the present techniques include all alternatives, modifications, and

equivalents falling within the true spirit and scope of the appended claims.
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CLAIMS

Claimed:

L. A method, comprising:
receiving data from an inertial measurement unit (IMU);
analyzing IMU data for changes in computing device orientation; and

orienting a device display in accordance with the computing device orientation.

2. The method of claim 1, further comprising logic to receive a user eye position in

relation to the device display.

3. The method of claim 2, wherein the user eye position is detected by a camera.

4. The method of claim 3, wherein the camera is triggered by detection of the

changes in computing device orientation by the IMU.

5. The method of claim 4, wherein the camera is triggered when the IMU detects

changes in device orientation greater than a predetermined amount.

6. The method of claim 1, 2, 3, 4, or 5, wherein the IMU comprises a gyrometer, a

compass, and an accelerometer.

7. The method of claim 1, 2, 3,4, 5, or 6, wherein the device employs a six degree

of freedom (6DOF) algorithm or a nine degree of freedom (9DOF) algorithm.

8. The method of claim 1, 2, 3, 4, 5, 6, or 7, comprising logic to detect pitch, roll,

and yaw of the device.

9. A system for changing device display orientation, comprising:
an inertial measurement unit (IMU) to collect device orientation data;
a decision unit to analyze the device orientation data to determine changes in
device orientation; and
adriver to initiate a change in device display orientation in accordance with a

change in device orientation.
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10.  The system of claim 9, wherein the system includes a camera to detect user eye

position.

11.  The system of claim 10, wherein the camera detects user eye position when a

change in device orientation is detected by the IMU.

12. The system of claim 11, wherein the orientation of the display is changed based

on the user eye position.

13. The system of claim 9, 10, 11, or 12, wherein the IMU comprises an

accelerometer, a gyrometer, and a compass.

14. The system of claim 9, 10, 11, 12, or 13, wherein the system employs a six degree
of freedom (6DOF) algorithm or a nine degree of freedom (9DOF) algorithm.

15. The system of claim 9, 10, 11, 12, 13, or 14, wherein the IMU detects pitch, roll,

and yaw of the device.

16. The system of claim 9, 10, 11, 12, 13, 14, or 15, wherein the system detects

changes in device orientation when the device is in a horizontal position.

17. A computing device, comprising:
a display;
an inertial measurement unit (IMU) to detect changes in device orientation; and
a driver to change an orientation of the display when a change in orientation of

the computing device is detected by the IMU.

18.  The computing device of claim 17, wherein the computing device includes a

camera to detect user eye position.

19.  The computing device of claim 18, wherein the camera detects user eye position

when a change in device orientation is detected by the IMU.

20. The computing device of claim 17, 18, or 19, wherein the driver changes the

orientation of the display based on user eye position.

12
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21. The computing device of claim 17, 18, 19, or 20, wherein the IMU comprises an

accelerometer, a gyrometer, and a compass.

5 22, The computing device of claim 17, 18, 19, 20, or 21, wherein the system employs
a six degree of freedom (6DOF) algorithm or a nine degree of freedom (9DOF) algorithm.

23. The computing device of claim 17, 18, 19, 20, 21, or 22, wherein the IMU detects

pitch, roll, and yaw of the device.

10
24. A tangible, non-transitory, computer-readable medium comprising code to direct
a processor to:
receive data from an inertial measurement unit (IMU);
analyze IMU data for changes in computing device orientation; and
15 orient a device display in accordance with the computing device orientation.

13
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