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ENHANCED WEARABLE DEVICE OPERATION

BACKGROUND
[0001] Wearable devices can receive input from users. Based on the input, the wearable device
can generate an instruction for a processor to perform a task. The input can be a manual input on
a display of the wearable device. When the wearable device is worn on the user, the wearable
device can move to one of a plurality of orientations. Differing orientations based on movement

of the wearable device can cause problems in providing and receiving user input.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Figure 1 is a block diagram of an example wearable device.
[0003] Figure 2 illustrates receiving user input to the example wearable device to determine
a first set of axes.
[0004] Figure 3 illustrates mapping the first set of axes based on the user input.
[0005] Figure 4 illustrates determining a rotation angle based on the first set of axes.
[0006] Figure 5 illustrates defining a second set of axes based on the user input and rotation

of the wearable device.

[0007] Figure 6 illustrates an example process for determining axes of the wearable device.
DETAILED DESCRIPTION
[0008] A system includes a computer programmed to determine a first horizontal axis of a

plane of a display based on a user input, collect angular movement data of the display, determine
a second horizontal axis of the plane of the display based on the angular movement data, and map
a second user input on the display based on the second horizontal axis.

[0009] The computer can be further programmed to determine a rotation angle based on the
angular movement data and to determine the second horizontal axis based on the rotation angle.
The computer can be further programmed to determine the rotation angle based on an angular
speed about an axis normal to the plane of the display.

[0010] The computer can be further programmed to project a straight line on the display based
on the user input and to determine the first horizontal axis based on an angle defined between the

straight line and a predetermined horizontal axis.
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[0011] The computer can be further programmed to, upon detecting angular movement of the
display, determine the second horizontal axis of the plane of the display. The computer can be
further programmed to, upon detecting additional angular movement of the display after
determining the second horizontal axis, determine a third horizontal axis based on the additional
angular movement.

[0012] The computer can be further programmed to determine a vertical axis perpendicular to
the second horizontal axis. The computer can be further programmed to determine the vertical axis
based on the second horizontal axis and an axis normal to the plane of the display. The computer
can be further programmed to, upon receiving the second user input, map the second user input
based on the second horizontal axis and the vertical axis.

[0013] The computer can be further programmed to actuate a component in a second device
based on the second user input.

[0014] A method includes determining a first horizontal axis of a plane of a display based on
a user input, collecting angular movement data of the display, determining a second horizontal
axis of the plane of the display based on the angular movement data, and mapping a second user
input on the display based on the second horizontal axis.

[0015] The method can further include determining a rotation angle based on the angular
movement data and determining the second horizontal axis based on the rotation angle. The
method can further include determining the rotation angle based on an angular speed about an axis
normal to the plane of the display.

[0016] The method can further include projecting a straight line on the display based on the
user input and determining the first horizontal axis based on an angle defined between the straight
line and a predetermined horizontal axis.

[0017] The method can further include, upon detecting angular movement of the display,
determining the second horizontal axis of the plane of the display. The method can further include,
upon detecting additional angular movement of the display after determining the second horizontal
axis, determining a third horizontal axis based on the additional angular movement.

[0018] The method can further include determining a vertical axis perpendicular to the second
horizontal axis. The method can further include determining the vertical axis based on the second

horizontal axis and an axis normal to the plane of the display. The method can further include,
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upon receiving the second user input, mapping the second user input based on the second
horizontal axis and the vertical axis.

[0019] The method can further include actuating a component in a second device based on the
second user input.

[0020] Further disclosed is a computing device programmed to execute any of the above
method steps. Yet further disclosed is a portable device comprising the computing device. Yet
further disclosed is a computer program product, comprising a computer readable medium storing
instructions executable by a computer processor, to execute any of the above method steps.
[0021] The display of the wearable device can have predetermined axes. In addition, based on
a user input, the processor of the wearable device can determine user-defined axes. Upon receiving
another input from the user, the processor can map the input from the predetermined axes to the
user-defined axes. Furthermore, as the wearable device rotates with respect to one or more of the
axes, the processor can determine new axes based on a rotation speed and map additional user
input to the new axes. Thus, the user can provide input to the display of the wearable device without
having to maintain a same orientation of the wearable device while providing the input.
Furthermore, the wearable device can, based on the user input, actuate a device, e.g., a virtual
reality display, a portable device, etc.

[0022] Figure 1 illustrates an example wearable device 100. As used herein, a “wearable
device” is a portable computing device including a structure so as to be wearable on a person’s
body (e.g., as a watch or bracelet, as a pendant, etc.), and that includes a memory, a processor, a
display, and one or more input mechanisms, such as a touchscreen, buttons, etc., as well as
hardware and software for wireless communications such as described herein. A wearable device
100 is of a size and shape to be fitted to or worn on a person’s body, e.g., a watch-like structure
including bracelet straps, etc., and as such typically has a smaller display than a user device (e.g.,
a smartphone, a tablet, etc.), e.g., 1/3 or Y of the area. For example, the wearable device 100 may
be a watch, a smart watch, a vibrating apparatus, etc. that includes capabilities for wireless
communications using IEEE 802.11, Bluetooth®, BLE, and/or cellular communications protocols.
Further, the wearable device 100 may use such communications capabilities to communicate via
a network, e.g., using Bluetooth®.

[0023] The wearable device 100 includes a wearable device processor 105 and a memory 106.

The processor 105 is implemented via circuits, chips, or other electronic component that can
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receive the data from the sensors 110 and determine, from the data, the orientation of the wearable
device 100. The processor 105 can be programmed to process the sensor 110 data. Processing the
data may include processing the acceleration or other data captured by the sensors 110 to determine
the angular movement of the wearable device 100.

[0024] The memory 106 may be of any known type, e.g., hard disk drives, solid state drives,
servers, or any volatile or non-volatile media. The memory 106 may store the collected data sent
from the sensors 110.

[0025] The wearable device 100 includes one or more sensors 110. Sensors 110 may include
a variety of devices. For example, as is known, various controllers in the wearable device 100 may
operate as sensors 110 to provide data via a wearable device 100 network or bus, e.g., data relating
to wearable device 100 position, speed, rotation, acceleration, etc. Further, other sensors 110 could
include cameras, motion detectors, biometric detectors, etc., i.e., sensors 110 to provide data for
evaluating a location of an object, determining the presence of a user, etc. The sensors 110 can
communicate with the processor 105.

[0026] The wearable device 100 includes a display 120. The display 120 can receive user
input, e.g., as a touchscreen display. The display 120 can define a plane that the processor 105 can
use to map the user input to an instruction to actuate one or more wearable device 100 components.
The user input can be a swiping motion across the display 120.

[0027] The wearable device 100 may be in communication with a network 125. The processor
105 may further be programmed to communicate with one or more remote sites such as a device
130, e.g., a virtual reality display, a portable device, etc. The network 125 represents one or more
mechanisms by which a vehicle computer may communicate with the device 130. Accordingly,
the network 125 may be one or more of various wired or wireless communication mechanisms,
including any desired combination of wired (e.g., cable and fiber) and/or wireless (e.g., cellular,
wireless, satellite, microwave, and radio frequency) communication mechanisms and any desired
network topology (or topologies when multiple communication mechanisms are utilized).
Exemplary communication networks include wireless communication networks (e.g., using
Bluetooth®, Bluetooth® Low Energy (BLE), IEEE 802.11, local area networks (LAN) and/or wide
area networks (WAN), including the Internet, providing data communication services.

[0028] The wearable device 100 may be in communication with a second device 130. The

device 130 can include a processor and a memory. The device 130 can be, e.g., a virtual reality
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display, a portable device, etc. The wearable device 100 can instruct the processor of the device
130 to actuate one or more components, e.g., a display, an alert, etc.

[0029] Figure 2 illustrates the wearable device 100 receiving user input 200. The user input
200 can be a tactile input extending across the display 120 measured by one or more sensors 110
in the wearable device 100. The processor 105 can prompt the user for input 200. By providing an
initial input, the processor 105 can determine axes for the display 120 to map future user input.
The processor 105 can prompt the user using, e.g., a visual indicator on the display 120, an audio
cue, a haptic cue, etc. The processor 105 can receive input on the display 120, e.g., as a swiping
motion across the display 120 such as shown by the arrow representing the input 200.

[0030] Figure 3 illustrates the processor 105 mapping the input 200 on the display 120 to a
horizontal axis X. The display 120 includes a center point O. The center point O is a fixed point
on the display 120 defining horizontal and vertical axes, as described below. The display 120 can
have predetermined display axes Xy, Yy, Z extending through the center point O, as shown in Figure
4. The display axis X is a horizontal axis. The display axis Y, extends perpendicular to the display
horizontal axis X, and is a vertical axis. The axis Z extends normal to the display 120 through the
center point O, e.g., using the right-hand rule with the axes Xg,Yy. The display axes Xy, Y, are
defined in a plane of the display 120, and the axis Z extends normal to the plane of the display
120.

[0031] The processor 105 can project a straight line extending through the received user input
200. The user input 200 can be received as a series of discrete points 300 on the display 120
indicating portions of the display 120 contacted by the user. The wearable device processor 105
can determine the line extending through the discrete points 300 using known regression
techniques, e.g., a least-squares fit. If the line does not extend through the center point O, the
processor 105 can map the line defined by the user input 200 to the horizontal axis X through the
center point 0. The processor 105 can determine a line that is parallel to the input 200 and extends
through the center point O and define the line as the horizontal axis X.

[0032] The processor 105 can define a horizontal axis X based on the line extending through
the user input. The horizontal axis X can be the axis extending through the center O parallel to the
line. The wearable device processor 105 can define a vertical axis Y that is perpendicular to the

horizontal axis X and extends through the center O.
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[0033] Figure 4 illustrates a rotation angle 8 defined by the horizontal axis X. The display 120
can have the display horizontal axis Xq and the display vertical axis Y. The horizontal axis X can
define the rotation angle 6 with the display horizontal axis X. The processor 105 can compare the
horizontal axis X to the display horizontal axis X, to determine the rotation angle 6. For example,
the processor 105 can compare pixels on the display 120 corresponding to the horizontal axis X
and, using known trigonometric techniques, determine the angle 8 between the pixels defining the
horizontal axis X and the display horizontal axis Xj.

[0034] The processor 105 can map input on the display based on the rotation angle 8. When
the user provides input to the display 120, the processor 105 can map (e.g., as shown in Equation

1 below) the input from the rotated axes X, Y'to the display axes Xy, Yp:

[ =[5 st 1]

ey
[0035] Upon receiving input on the display 120, the processor 105 can record the input as a
set of coordinates defined along the rotated axes X, Y. The processor 105 can map the input to the
display axes Xg, Yy with the rotation angle 8 according to Equation 1 above. Thus, input to the
display 120 can be processed according to the user-defined axes X, Y. The processor 105 can
instruct another device (not shown), e.g., a virtual reality display, a portable device, etc., based on
the input mapped to the user-defined axes X, Y.

[0036] Figure 5 illustrates the wearable device 100 rotating about the axis Z. The processor
105 can collect data about angular movement of the display about the axis Z. Angular speed data
wz, measured in radians/second, can be collected with a sensor 110 (e.g., a gyroscope, an
accelerometer, etc.) for a predetermined period of time T, e.g., 500 ms. The processor 105 can,
using known techniques, determine a rotation angle 8’ relative to the horizontal axis X based on
the angular speed data w,. For example, the wearable device processor 105 can use numerical

integration techniques over the period of time T to determine the rotation angle 6, i.e.:

T
9, = f Wz dt (2)
0
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[0037] The processor 105 can determine a second horizontal axis X’ and a second vertical axis
Y’ based on the rotation angle 6’. The axis Z is normal to the display 120 and to the axes X', Y’.
That is, input received on the display 120 according to the axes X', Y’ can be mapped to the device

axes Xy, Yy according to the following formula:

X’] _ [cos(@’ +6) —sin(6' + 9)] [XO] 3)
y’l ~ Isin(8’ +6) cos(8'+6) 1Y,
[0038] Upon detecting a nonzero value for wy, the processor 105 can determine to determine

the second axes X', Y. That is, when the processor 105 detects angular movement of the wearable
device 100, the processor 105 can determine new axes X', Y’ and map user input from the axes
X',Y'. That is, the axes X', Y’ can be updated whenever 6’ is detected to change. The processor
105 can be programmed to update the axes X', Y’ when the detected change in the rotation angle
0’ is greater than a predetermined threshold, e.g., 1 degree.

[0039] The processor 105 can be programmed to receive a second user input (not shown
inasmuch as the second user input could be shown in a manner as the input 200 is shown) to define
the second horizontal axis X’. As described above, the user can provide a tactile input across the
display 120, and the processor 105 can map the user input to the second horizontal axis X’ and the
second vertical axis Y’. The processor 105 can determine to prompt the user for the second user
input when, e.g., the user requests to reset the axes X',Y’, the wearable device 100 has been
powered down and restarted, etc.

[0040] Figure 6 illustrates an example process 600 for operating a wearable device 100. The
process 600 begins in a block 605, in which the processor 105 prompts the user to provide an input
200 to the display 120 to define a first horizontal axis X. The processor 105 can provide a prompt,
e.g., a visual cue, an aural tone, etc., to instruct the user to provide input 200 to the display 120.
[0041] Next, in a block 610, the processor 105 receives the input 200 to the display 120. As
described above, the user can provide an input 200 approximating a straight line on the display
120. The display 120 can include one or more sensors 110, e.g., capacitive sensors 110, that can
detect portions of the display 120 contacted by the user.

[0042] Next, in a block 615, the processor 105 can determine a first horizontal axis X based

on the input 200. The processor 105 can determine a line through discrete points 300 of the input
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200 using known techniques, e.g., a least-squares calculation. The processor 105 can define the
axis X that is parallel to the line and extends through the origin O. The processor 105 can further
determine the first vertical axis Y as the axis perpendicular to the horizontal axis X.

[0043] Next, in a block 620, the processor 105 can determine a rotation angle 8 based on the
first horizontal axis X. The processor 105 can compare the first horizontal axis X to a
predetermined device horizontal axis Xy and define the rotation angle 8 between the horizontal
axes X, Xo. The processor 105 can then map inputs to the display 120 based on the rotation angle
0, as described above, to the axes X, Y.

[0044] Next, in a block 625, the processor 105 determines whether one of the sensors 110
detects rotation data wy. As described above, as the wearable device 100 rotates about the axis Z,
the sensors 110 (e.g., an accelerometer, a gyroscope, etc.) can detect the rotation of the wearable
device 100 about the axis Z. If the processor 105 detects rotation, the process 600 continues in a
block 630. Otherwise, the process 600 continues in a block 640.

[0045] In the block 630, the processor 105 collects rotation data w, and determines a new
rotation angle 8’ based on the rotation data wy. As described above, the processor 105 can use
integration techniques (e.g., numerical integration) to determine a change in the orientation of the
wearable device 100 based on a measured angular speed w, determined from an accelerometer
110.

[0046] Next, in a block 635, the processor 105 determines a second horizontal axis X’ and a
second vertical axis Y’ based on the rotation angle 8’. As described above, the second horizontal
axis X' is the axis rotated about the rotation angle 8’ from the horizontal axis X. The process 600
continues in a block 655.

[0047] In the block 640, the processor 105 receives an additional user input on the display 120.
The user can provide input to the display 120 of the wearable device 100 to, e.g., actuate a
component in a second device (a virtual reality device, a portable device, etc.). The additional user
input can be subsequent to the user input defining the axes X, Y, and the processor 105 can be
programmed to actuate the component in the second device according to the additional user input.
[0048] Next, in a block 645, the processor 105 maps the additional user input to the device
axes X, Y. As described above, based on the rotation angle 8, 8’, the processor 105 can map the

additional user input (e.g., using Equations 1, 3 shown above) to the device axes Xj, Y. Thus, the
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user can provide input to the display 120 of the wearable device 100 without having to maintain a
same orientation as that of the wearable device 100 while providing the input.

[0049] Next, in a block 650, the processor 105 actuates a component in a second device 130.
The processor 105 can communicate with the second device 130 over the network 125 to actuate
the component in the second device 130. For example, the processor 105 can actuate a virtual
reality display to display one or more items. In another example, the processor 105 can actuate a
processor in a portable device to operate programming.

[0050] In the block 655, the processor 105 determines whether to continue the process 600.
For example, the processor 105 can determine to continue the process 600 when the wearable
device 100 is still in communication with the second device 130. If the processor 105 determines
to continue, the process 600 returns to the block 625 to determine if the wearable device 100 has
rotated. Otherwise, the process 600 ends.

[0051] As used herein, the adverb “substantially” modifying an adjective means that a shape,
structure, measurement, value, calculation, etc. may deviate from an exact described geometry,
distance, measurement, value, calculation, etc., because of imperfections in materials, machining,
manufacturing, data collector measurements, computations, processing time, communications
time, etc.

[0052] Computers, including the processor 105 and the memory 106, generally each include
instructions executable by one or more computers such as those identified above, and for carrying
out blocks or steps of processes described above. Computer-executable instructions may be
compiled or interpreted from computer programs created using a variety of programming
languages and/or technologies, including, without limitation, and either alone or in combination,
Java™, C, C++, Visual Basic, Java Script, Perl, HTML, etc. In general, a processor (e.g., a
microprocessor) receives instructions, e.g., from a memory, a computer-readable medium, etc.,
and executes these instructions, thereby performing one or more processes, including one or more
of the processes described herein. Such instructions and other data may be stored and transmitted
using a variety of computer-readable media. A file in the computer is generally a collection of
data stored on a computer readable medium, such as a storage medium, a random access memory,
ete.

[0053] A computer-readable medium includes any medium that participates in providing data

(e.g., instructions), which may be read by a computer. Such a medium may take many forms,
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including, but not limited to, non-volatile media, volatile media, etc. Non-volatile media include,
for example, optical or magnetic disks and other persistent memory. Volatile media include
dynamic random access memory (DRAM), which typically constitutes a main memory. Common
forms of computer-readable media include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM, DVD, any other optical medium, punch
cards, paper tape, any other physical medium with patterns of holes, aRAM, a PROM, an EPROM,
a FLASH-EEPROM, any other memory chip or cartridge, or any other medium from which a
computer can read.

[0054] With regard to the media, processes, systems, methods, etc. described herein, it should
be understood that, although the steps of such processes, etc. have been described as occurring
according to a certain ordered sequence, such processes could be practiced with the described steps
performed in an order other than the order described herein. It further should be understood that
certain steps could be performed simultaneously, that other steps could be added, or that certain
steps described herein could be omitted. For example, in the process 600, one or more of the steps
could be omitted, or the steps could be executed in a different order than shown in Figure 6. In
other words, the descriptions of systems and/or processes herein are provided for the purpose of
illustrating certain embodiments, and should in no way be construed so as to limit the disclosed
subject matter.

[0055] Accordingly, it is to be understood that the present disclosure, including the above
description and the accompanying figures and below claims, is intended to be illustrative and not
restrictive. Many embodiments and applications other than the examples provided would be
apparent to those of skill in the art upon reading the above description. The scope of the invention
should be determined, not with reference to the above description, but should instead be
determined with reference to claims appended hereto and/or included in a non-provisional patent
application based hereon, along with the full scope of equivalents to which such claims are entitled.
It is anticipated and intended that future developments will occur in the arts discussed herein, and
that the disclosed systems and methods will be incorporated into such future embodiments. In
sum, it should be understood that the disclosed subject matter is capable of modification and

variation.

10
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[0056] The article “a” modifying a noun should be understood as meaning one or more unless
stated otherwise, or context requires otherwise. The phrase “based on” encompasses being partly

or entirely based on.

11
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CLAIMS

What is claimed is:
1. A system, comprising a computer programmed to:
determine a first horizontal axis of a plane of a display based on a user input;
collect angular movement data of the display;
determine a second horizontal axis of the plane of the display based on the angular
movement data; and

map a second user input on the display based on the second horizontal axis.

2. The system of claim 1, wherein the computer is further programmed to determine
a rotation angle based on the angular movement data and to determine the second horizontal axis

based on the rotation angle.

3. The system of claim 2, wherein the computer is further programmed to determine

the rotation angle based on an angular speed about an axis normal to the plane of the display.

4. The system of claim 1, wherein the computer is further programmed to project a
straight line on the display based on the user input and to determine the first horizontal axis based

on an angle defined between the straight line and a predetermined horizontal axis.

5. The system of claim 1, wherein the computer is further programmed to, upon
detecting angular movement of the display, determine the second horizontal axis of the plane of

the display.

12
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6. The system of claim 5, wherein the computer is further programmed to, upon
detecting additional angular movement of the display after determining the second horizontal axis,

determine a third horizontal axis based on the additional angular movement.

7. The system of claim 1, wherein the computer is further programmed to determine

a vertical axis perpendicular to the second horizontal axis.

8. The system of claim 7, wherein the computer is further programmed to determine

the vertical axis based on the second horizontal axis and an axis normal to the plane of the display.

9. The system of claim 8, wherein the computer is further programmed to, upon
receiving the second user input, map the second user input based on the second horizontal axis and

the vertical axis.

10. The system of claim 1, wherein the computer is further programmed to actuate a

component in a second device based on the second user input.

11. A method, comprising:
determining a first horizontal axis of a plane of a display based on a user input;
collecting angular movement data of the display;
determining a second horizontal axis of the plane of the display based on the
angular movement data; and

mapping a second user input on the display based on the second horizontal axis.

13
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12. The method of claim 11, further comprising determining a rotation angle based on

the angular movement data and determining the second horizontal axis based on the rotation angle.

13. The method of claim 12, further comprising determining the rotation angle based

on an angular speed about an axis normal to the plane of the display.

14. The method of claim 11, further comprising projecting a straight line on the display
based on the user input and determining the first horizontal axis based on an angle defined between

the straight line and a predetermined horizontal axis.

15. The method of claim 11, further comprising, upon detecting angular movement of

the display, determining the second horizontal axis of the plane of the display.

16. The method of claim 15, further comprising, upon detecting additional angular
movement of the display after determining the second horizontal axis, determining a third

horizontal axis based on the additional angular movement.

17. The method of claim 11, further comprising determining a vertical axis

perpendicular to the second horizontal axis.

18. The method of claim 17, further comprising determining the vertical axis based on

the second horizontal axis and an axis normal to the plane of the display.

19. The method of claim 18, further comprising, upon receiving the second user input,

mapping the second user input based on the second horizontal axis and the vertical axis.

14
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20. The method of claim 11, further comprising actuating a component in a second

device based on the second user input.

15
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