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ABSTRACT

Various embodiments provide systems and methods capable
of facilitating interaction with handheld electronics devices
based on sensing rotational rate around at least three axes and
linear acceleration along at least three axes. In one aspect, a
handheld electronic device includes a subsystem providing
display capability, a set of motion sensors sensing rotational
rate around at least three axes and linear acceleration along at
least three axes, and a subsystem which, based on motion data
derived from at least one of the motion sensors, 1s capable of
facilitating interaction with the device.
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CONTROLLING AND ACCESSING CONTENT
USING MOTION PROCESSING ON MOBILE
DEVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/109,356, filed Oct. 29, 2008,
entitled, “Methods of Controlling Content Using Motion Pro-
cessing on Mobile Devices™;

[0002] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 11/649,936 (IVS-110/4078P),
filed Jan. 5, 2007, entitled, “Method and Apparatus for Pro-
ducing a Sharp Image from a Handheld Device Containing a
Gyroscope,”

[0003] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 11/766,776 (IVS-113/4236P),
filed Jun. 21, 2007, entitled, “Vertically Integrated 3-axis
MEMS Accelerometer with Electronics’™;

[0004] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 11/774,488 (IVS-111/3872P),
filed Jul. 6, 2007, entitled, “Integrated Motion Processing
Unit (MPU) with MEMS Inertial Sensing and Embedded
Digital Flectronics™;

[0005] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 11/933,762 (IVS-114/4357P),
filed Dec. 10, 2007, entitled, “Vertically Integrated 3-axis
Rotational MEMS Accelerometers with Flectronics™:
[0006] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/026,493 (IVS-117/4404P),
filed Feb. 5, 2008, entitled, “Dual Mode Sensing for Vibratory
Gyroscope”;

[0007] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/106,921 (IVS-119/4360P),
filed Apr. 21, 2008, entitled, “Intertacing Application Pro-
grams and Motion Sensors of a Device,” which claims the
benefit of U.S. Provisional Application No. 61/022,143, filed
Jan. 18, 2008, entitled, “Motion Sensing Application Inter-
face™:

[0008] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/117,264 (IVS-115/4286P),
filed May 8, 2008, entitled, “Water Scale Chip Packaging of
Vertically Integrated MEMS Sensors with Electronics”™;
[0009] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/210,045 (IVS-123/4605P),
filed Sep. 12, 2008, entitled, “Low Inertia Frame for Detect-
ing Coriolis Acceleration’;

[0010] This application 1s a continuation-in-part of U.S.

patent application Ser. No. 12/236,757 (IVS-120/4483P),
filed Sep. 24, 2008, entitled, “Integrated Multiaxis Motion
Sensor’’;

[0011] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/252,322 (IVS-124/4606P),
filed Oct. 15, 2008, entitled, “Mobile Devices with Motion

Gesture Recognition,” which claims the benefit of U.S. Pro-
visional Application No. 61/022,143, filed Jan. 18, 2008,
entitled, “Motion Sensing Application Interface’;

[0012] all of which are incorporated herein by reference 1n
their entireties.

BACKGROUND OF THE INVENTION

[0013] Handheld electronic devices are used 1n a wide vari-
ety of applications and environments. The ubiquity of such
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devices as mobile phones, digital still cameras and video
cameras, handheld music and media players, portable video
game devices and controllers, mobile internet devices
(MIDs), personal navigation devices (PNDs), and other hand-
held devices speaks the popularity and desire for these types
of devices. However, controlling the multitude of functions of
a handheld device can often be awkward or clumsy, due to the
small s1ze of the devices. For example, handheld devices with
a button input or touch screen typically require two hands of
the user to be effectively used, as well as the close attention of
the user when operating the device.

[0014] Motion sensors, such as 1ertial sensors like accel-
erometers or gyroscopes, can be used 1n handheld electronic
devices. Accelerometers can be used for measuring linear
acceleration and gyroscopes can be used for measuring angu-
lar velocity of a moved handheld electronic device. The mar-
kets Tor motion sensors include mobile phones, video game
controllers, personal digital assistants (PDAs), mobile inter-
net devices (MIDs), personal navigational devices (PNDs),
digital still cameras, digital video cameras, remote controls,

and many more. For example, mobile phones may use accel-
crometers to detect the tilt of the device i space, which
allows a video picture to be displayed 1n an orientation cor-
responding to the tilt. Video game console controllers may
use accelerometers to detect motion of the hand controller
that 1s used to provide input to a game. Picture and video
stabilization 1s an 1important feature 1n even low- or mid-end
digital cameras, where lens or image sensors are shifted to
compensate for hand jittering measured by a gyroscope. Glo-
bal positioning system (GPS) and location based service
(LBS) applications rely on determining an accurate location
of the device, and motion sensors are often needed when a
GPS signal 1s attenuated or unavailable, or to enhance the
accuracy of GPS location finding.

[0015] Most existing handheld electronic devices tend to
use only the very basic motion sensors, such as an acceler-
ometer with “peak detection” or steady state measurements.
For example, current mobile phones use an accelerometer to
determine tilting of the device, which can be determined
using a steady state gravity measurement. Such simple deter-
mination may not be acceptable for more sophisticated appli-
cations which would require gyroscopes or other applications
having precise timing capabilities. Without a gyroscope
included in the device, the tilting and acceleration of the
device 1s not sensed reliably. Also, motion of the device 1s not
always linear or parallel to the ground, and many current
devices will often not sense other types of motion accurately.
Therefore, existing devices are restricted 1n their motion sens-
ing ability, and limited 1n how they use motion sensing to
enable functions and control of the device.

[0016] A variety of devices, systems and applications
(which may or may not be relevant to inventions herein) have
sought to take advantage of motion sensor detection, includ-
ing gaming devices, mobile telephones, and devices with
military applications. A number of industry segments have
evolved to design and manufacture such devices, systems and
applications, from component designers to end-user device
manufacturers and software developers. The state of the cur-
rent art, however, 1s still limited by the accuracy of motion
sensing that can be achieved via existing motion sensors
integrated 1n single devices and/or cannot serve as a proper
platform for development of handheld devices adequate for
personal communications.
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[0017] For example, sophisticated Inertial Measurement
Unit (IMU) devices have been designed to include motion
sensing along three gyroscopic axes, three accelerometer
axes and three compass axes. Generally, these devices have
beenrelatively-large devices, not fit for handheld applications
directed at end users, and instead deployed 1n industrial or
military settings. For example, IMUs have been incorporated
in satellites orbiting the Earth, which need to maintain par-
ticular orientations with antennas and other communication
systems facing the Earth.

[0018] Other devices itended for end-user applications
attempt to reduce form factors while incorporating motion
sensors. For example, some devices may incorporate motion
sensing along three accelerometer axes (1n addition to detec-
tion of an optical source placed close to a display) to facilitate
user interaction with video games. One improvement
released recently 1s an attachment for the Nintendo® Wiu®
Remote™ game remote control and denoted MotionPlus,
which 1s a distinct add-on device that plugs into the Wi
Remote, and adds a set of sensors capable of detecting motion
along three gyroscope axes (these sensors are manufactured
by InvenSense, the assignee of this patent). The MotionPlus,
combined with the W11 Remote, produces a compounded
device that can sense motion along a combined three gyro-
scope axes and three accelerometer axes.

[0019] Details regarding military devices and applications
are generally not known 1n the public domain, and this also
applies to motion sensing technology. It i1s reasonable to
assume at this point (although this 1s not by any means actu-
ally known to be true) that state-of-the-art personal head-
worn visual displays used in military applications (e.g.,
sophisticated glasses or goggles that include an electronic
display, possibly integrated as part of a helmet) may include
motion sensors capable of detecting motion along three gyro-
scope axes and three accelerometer axes. It 1s unlikely that 1n
such an application, 1 1t existed, any significant integration of
gyroscopes and accelerometers has been achieved. Further,
many interactions with applications on a hand-held device via
motion of the device, such as 1con selection, menu selection
or list scrolling, would be impractical or impossible via such
a military head-worn visual display (e.g., shaking a phone to
activate a feature 1s feasible, but shaking the head to achieve
the same result on a head-worn visual display 1s not). Conse-
quently, such military devices do not serve as good platforms
tor developing a handheld device adequate for personal com-
munications, such as a mobile phone. No company has
attempted to modily such military systems into such a com-
munication handheld device, and indeed such a modification
would be mapproprate, counterintuitive and not economi-
cally feasible.

[0020] Additional devices and components have been
introduced on the market providing various degrees of inte-
gration of accelerometers and sensors, but none of them pro-
vide suificient accuracy or serve as adequate building blocks
for next generation handheld mobile devices. Examples of
such devices and components include motion sensing com-
ponents marketed by AKM Corporation (which incorporate
three accelerometers and three compass sensors), a golf club
simulator released (and a game controller announced but
apparently not yet commercially imntroduced) by Motus Cor-
poration (the gold club simulator and game controller may
include an unknown number of accelerometers and gyro-
scopes), wireless mice, pointer devices, and media remote
controllers marketed by Movea Corporation and/or Gyration
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Corporation (which appear to include three accelerometers
and two gyroscopes ), the Apple 1IPhone mobile phone (which
incorporate three accelerometers), portable video game add-
on attachments, photo and video cameras (which may have
incorporated up to two gyroscopes for image stabilization
purposes, and possibly also one to three separate accelerom-
cters 1f they also incorporate hard drives), and navigation
systems (which may have incorporated up to two gyroscopes
and three accelerometers). The number of accelerometers and
gyroscopes cited above are estimated based on currently
available public information, but may not be fully accurate.

[0021] Some devices having accelerometers and gyro-
scopes may separate the set of accelerometers and the set of
gyroscopes mnto two distinct units. The two sets of sensors
may be disposed relatively far from each other, which intro-
duces spatial separation between the two sets of sensors,
making unified motion detection more difficult and less accu-
rate. Furthermore, the two sets of sensors may rely on com-
munication via the interface between the two distinct unaits,
which can make synchronization of the data from the accel-
cerometers and gyroscopes more difficult and 1naccurate.

[0022] Some devices also do not integrate a display sub-
system to permit direct interaction with games (whether an
actual display or logic capable of substantially producing an
image to be displayed on an external device). Such devices
may not serve as a good platform for developing a handheld
device adequate for personal communications, such as a
mobile phone.

[0023] It1s a clear conclusion that none of these devices or
components are capable of detecting motion along three
gyroscope axes and three accelerometer axes while serving as
a good platform for development of a handheld electronic
device adequate for personal communications. Further, 1t 1s
clear that none of these devices or components have achieved
any significant integration of accelerometers and gyroscopes
in a single module, and such integration 1s not 1n any way
obvious, suggested by, or otherwise directly facilitated by the
existing art.

SUMMARY OF THE INVENTION

[0024] The mvention of the present application relates to
interacting with handheld electronic devices and content
using motion processing. In one aspect, a handheld electronic
device includes a subsystem providing display capability, a
set of motion sensors sensing rotational rate around at least
three axes and linear acceleration along at least three axes,
and a subsystem which, based on motion data derived from at
least one of the motion sensors, 1s capable of facilitating
interaction with the device.

[0025] In another aspect, a handheld electronic device
includes a display attached to the device, and a set of motion
sensors sensing rotational rate around at least three axes and
linear acceleration along at least three axes, where the motion
sensors are mntegrated in a single module. The device also
includes a subsystem which, based on motion data dertved
from at least one of the motion sensors, 1s capable of facili-
tating interaction with the device.

[0026] Inanother aspect, a storage medium includes a sofit-
ware program, the software program capable of running on a
handheld electronic device. The device includes a subsystem
providing display capability and a set of motion sensors sens-
ing rotational rate around at least three axes and linear accel-
cration along at least three axes. The software application 1s
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capable of facilitating interaction with the device based on
motion data derived from at least one of the motion sensors.
[0027] In another aspect, a set of motion sensors senses
rotational rate around at least three axes and linear accelera-
tion along at least three axes, where the motion sensors are
capable of being integrated in a handheld electronic device.
The device includes a subsystem providing display capabil-
ity, and a subsystem which, based on motion data dertved
from at least one of the motion sensors, 1s capable of facili-
tating interaction with the device.

[0028] In another aspect, a handheld electronic device
includes a subsystem providing display capability, a motion
function trigger, a set ol motion sensors sensing rotational
rate around at least three axes and linear acceleration along at
least three axes, and a subsystem. Based on motion data
derived from at least one of the motion sensors, the subsystem
1s capable of facilitating interaction with the device.

[0029] Aspects of the described inventions include a hand-
held electronic device allowing accurate motion data sensing,
that allows robust, intuitive and accurate control of functions
of the handheld device. Aspects allow a user to easily access
and control electronic device functions using motion of the
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 1s a perspective view of one example of a
motion sensing handheld device suitable for use with the
present mnventions;

[0031] FIG. 2 15 a block diagram of one embodiment of a
motion sensing system suitable for use with the present inven-
tions;

[0032] FIGS. 3A-3E are diagrammatic illustrations of an

example of a display of elements able to be selected using
device motion;

[0033] FIGS. 4A-4C are diagrammatic illustrations of pan-
ning and zooming performed on a display screen using device
motion;

[0034] FIGS. 5A-5D are diagrammatic illustrations of
manipulation of a displayed map using device motion;

[0035] FIGS. 6A-6B are diagrammatic illustrations of
scrolling displayed elements using device motion;

[0036] FIGS. 7A-7C are diagrammatic illustrations of
motion gesture use with manipulation of displayed elements
using device motion;

[0037] FIGS. 8A-8C are diagrammatic 1llustrations of dis-

played image rotation to indicate how the image display will
change based on device motion; and

[0038] FIGS. 9A-9C are block diagrams illustrating

embodiments of a portion of a motion sensing system for a
handheld electronic device.

DETAILED DESCRIPTION

[0039] The present invention relates generally to motion
sensing devices, and more specifically to interacting with
mobile devices and content using motion processing. The
tollowing description 1s presented to enable one of ordinary
skill 1n the art to make and use the invention and 1s provided
in the context of a patent application and its requirements.
Various modifications to the preferred embodiment and the
generic principles and features described herein will be
readily apparent to those skilled in the art. Thus, the present
invention 1s not mtended to be limited to the embodiment
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shown but 1s to be accorded the widest scope consistent with
the principles and features described herein.

[0040] Aspects of the present invention described herein
provide enhanced functionality of a handheld electronic
device by using device motion to control functions of the
device. Control over device functions using motion of the
device can allow easier and quicker control over those tunc-
tions, as well as reduce wear on the device from use of
physical elements such as a touchscreen, buttons, switches,
and so on.

[0041] FIG. 1 1s a perspective view of one example of a
motion sensing handheld device 10 suitable for use with
aspects of the inventions described herein. Device 10 can be
held 1n one or more hands of a user to be operated, and can
include a variety of different functions, as described below.
As used herein, the terms “include,” “including,” *“for
example,” “e.g.,” and variations thereof, are not intended to be
terms of limitation, but rather are intended to be followed by
the words “without limitation.” In the example embodiment
shown, device 10 can include a display screen 164, and physi-
cal buttons 6. Furthermore, some embodiments can include
one or more buttons 8 and 9 on one or both sides of the device
10, which can be pressed and/or held by the user, for example,
to allow motion gestures to be mput 1n different modes of
operation to change different states ot the device, as described
in greater detail below. Other embodiments of devices can be
used, and can include different and/or additional mput and

output devices, as described below with respect to FI1G. 2.

[0042] In accordance with an aspect of the invention, the
device 10 can be moved by the user 1n space, and this move-
ment 1s detected by motion sensors of the device as detailed
below. As referred to herein, rotation of the device 10 can
include pitch, roll, and yaw about the various rotational axes,
as shown 1n FIG. 1. These axes can be defined differently 1n
other embodiments. Furthermore, linear motions can be made
along the linear axes x, y and z. Furthermore, these axes can
be defined at various different positions on the device (for
example translated or rotated with respect to the axes shown
in FIG. 1, or otherwise transposed into any other coordinate
system (whether rectangular, polar, or otherwise)), as appro-
priate for the hardware and software used by the device 10.

[0043] FIG. 2 1s a block diagram of one example of device
10 or a motion sensing system suitable for use with aspects of
the present mvention. Device 10 can be implemented as a
device or apparatus, such as a handheld device that can be
moved 1n space by a user and 1ts motion and/or orientation in
space therefore sensed. For example, such a handheld device
can be a mobile phone (e.g., cellular phone, a phone running
on a local network, or any other telephone handset), wired
telephone (e.g., a phone attached by a wire), personal digital
assistant (PDA), video game player, video game controller,
navigation device, mobile internet device (MID), personal
navigation device (PND), digital still camera, digital video
camera, binoculars, telephoto lens, portable music, video, or
media player, remote control, or other handheld device, or a
combination of one or more of these devices. In some
embodiments, the device 10 1s a self-contained device that
includes 1ts own display and other output devices in addition
to input devices. In other embodiments, the handheld device
10 only functions 1n conjunction with a non-portable device
such as a desktop computer, electronic tabletop device, server
computer, etc. which can communicate with the moveable or
handheld device 10, e.g., via network connections. The
device may be capable of communicating via a wired con-
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nection using any type of wire-based communication proto-
col (e.g., serial transmissions, parallel transmissions, packet-
based data communications), wireless connection (e.g.,
clectromagnetic radiation, infrared radiation or other wireless
technology), or a combination of one or more wired connec-
tions and one or more wireless connections.

[0044] Device 10 includes an application processor 12,
memory 14, interface devices 16, a motion processing unit 20,
analog sensors 22, and digital sensors 24. Application pro-
cessor 12 can be one or more microprocessors, central pro-
cessing units (CPUs), or other processors which run software
programs for the device 10 or for other applications related to
the functionality of device 10. For example, different soft-
ware application programs such as menu navigation software,
games, camera lunction control, navigation software, and
phone or a wide variety of other software and functional
interfaces can be provided. In some embodiments, multiple
different applications can be provided on a single device 10,
and 1n some of those embodiments, multiple applications can
run simultaneously on the device 10. In some embodiments,
the application processor implements multiple different oper-
ating modes on the device 10, each mode allowing a different
set of applications to be used on the device and a different set
of gestures to be detected. As used herein, unless otherwise
specifically stated, a “set” of items means one 1tem, or any
combination of two or more of the items.

[0045] Multiple layers of software can be provided on a
computer readable medium such as electronic memory or
other storage medium such as hard disk, optical disk, flash
drive, etc., for use with the application processor 12. For
example, an operating system layer can be provided for the
device 10 to control and manage system resources in real
time, enable functions of application software and other lay-
ers, and interface application programs with other software
and functions of the device 10. A motion algorithm layer can
provide motion algorithms that provide lower-level process-
ing for raw sensor data provided from the motion sensors and
other sensors. A sensor device driver layer can provides a
software 1nterface to the hardware sensors of the device 10.

[0046] Some or all of these layers can be provided 1n soft-
ware 13 of the processor 12. For example, 1n some embodi-
ments, the processor 12 can implement the gesture processing,
and recognition described herein based on sensor inputs from
a motion processing unit (MPU™) 20 (described below).
Other embodiments can allow a division of processing
between the MPU 20 and the processor 12 as 1s approprate
tor the applications and/or hardware used, where some of the
layers (such as lower level software layers) are prowded in the
MPU. For example, 1n embodiments allowing processing by
the MPU 20, an API layer can be implemented 1in layer 13 of
processor 12 which allows communication of the states of
application programs running on the processor 12 to the MPU
20 as well as API commands (e.g., over bus 21), allowing the
MPU 20 to implement some or all of the gesture processing
and recognition described herein. Some embodiments of API
implementations in a motion detecting device are described 1in
co-pending patent application Ser. No. 12/106,921, incorpo-
rated herein by reference 1n 1ts entirety.

[0047] Device 10 also includes components for assisting
the application processor 12, such as memory 14 (RAM,
ROM, Flash, etc.) and interface devices 16. Interface devices
16 can be any of a variety of different devices providing input
and/or output to a user, such as a display screen, audio speak-
ers, buttons, switch, touch screen, joystick, slider, knob,

Oct. 22, 2009

printer, scanner, camera, computer network I/O device, other
connected peripheral, etc. For example, one interface device
16 included 1n many embodiments 1s a display screen 16a for
outputting 1mages viewable by the user. Memory 14 and
interface devices 16 can be coupled to the application proces-

sor 12 by a bus 18.

[0048] Device 10 also can include a motion processing unit
(MPU™) 20. The MPU 1s a device including motion sensors
that can measure motion of the device 10 (or portion thereot)
in space. For example, the MPU can measure one or more
axes of rotation and one or more axes of acceleration of the
device. In preferred embodiments, at least some of the motion
sensors are inertial sensors, such as gyroscopes and/or accel-
crometers. In some embodiments, the components to perform
these functions are integrated 1n a single package. The MPU
20 can communicate motion sensor data to an interface bus
21, e.g., I12C or Senal Peripheral Interface (SPI) bus, to which
the application processor 12 1s also connected. In one
embodiment, processor 12 1s a controller or master of the bus
21. Some embodiments can provide bus 18 as the same bus as
interface bus 21.

[0049] MPU 20 includes motion sensors, including one or
more rotational motion sensors 26 and one or more linear
motion sensors 28. For example, 1n some embodiments, 1ner-
tial sensors are used, where the rotational motion sensors are
gyroscopes and the linear motion sensors are accelerometers.
Gyroscopes 26 can measure the angular velocity of the device
10 (or portion thereol) housing the gyroscopes 26. From one
to three gyroscopes can typically be provided, depending on
the motion that 1s desired to be sensed 1n a particular embodi-
ment. Some 1implementations may employ more than three
gyroscopes, for example to enhance accuracy, increase per-
formance, or improve reliability. Some gyroscopes may be
dynamically activated or deactivated, for example to control
power usage or adapt to motion processing needs. Acceler-
ometers 28 can measure the linear acceleration of the device
10 (or portion thereof) housing the accelerometers 28. From
one to three accelerometers can typically be provided,
depending on the motion that 1s desired to be sensed 1n a
particular embodiment. Some 1mplementations may
employed more than three accelerometers, for example to
enhance accuracy, increase performance, or improve reliabil-
ity. Some accelerometers may be dynamically activated or
deactivated, for example to control power usage or adapt to
motion processing needs. For example, if three gyroscopes 26
and three accelerometers 28 are used, then a 6-axis sensing
device 1s provided providing sensing in all six degrees of
freedom. In embodiments with more than three gyroscopes
and/or more than three accelerometers, additional degrees of
freedom (or sensing axes) can be provided, and/or additional
sensor iput can be provided for each of the six axis of
motion. In some embodiments, a single chip six-axis inertial
measurement unit 1s used i the MPU 20. In some embodi-
ments, additional or alternate types of rotational rate sensors
and/or linear acceleration sensors can be used.

[0050] Insome embodiments the gyroscopes 26 and/or the
accelerometers 28 can be implemented as MicroFElectroMe-
chanical Systems (MEMS). For example, three gyroscopes
and three accelerometers can be integrated into a MEMS
sensor waler. Other embodiments may integrate more or less
inertial sensors. Supporting hardware such as storage regis-
ters for the data from motion sensors 26 and 28 can also be
provided.
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[0051] Insomeembodiments, the MPU 20 can also include
a hardware processor or processing block 30. Hardware pro-
cessing block 30 can include logic, microprocessors, or con-
trollers to provide processing ol motion sensor data 1n hard-
ware. For example, motion algorithms, or parts of algorithms,
may be implemented by block 30 imn some embodiments,
and/or part of or all the gesture recognition described herein.
In such embodiments, an API can be provided for the appli-
cation processor 12 to communicate desired sensor process-
ing tasks to the MPU 20, as described above. Some embodi-
ments can provide a sensor fusion algorithm that 1s
implemented by the hardware processing block 30 to process
all the axes of motion of provided sensors to determine the
movement of the handheld electronic device 1n space. Some
embodiments can include a hardware buifer in the block 30 to
store sensor data recerved from the motion sensors 26 and 28.
One or more motion function triggers 36, such as buttons 6, 8,
O or other control, can be included 1n some embodiments to
control the mput of gestures to the electronic device 10, as
described 1n greater detail below.

[0052] Examples of an MPU, integrated sensor units, and
systems suitable for use with the present mmvention are
described 1n co-pending U.S. patent application Ser. Nos.
11/774,488 and 12/106,921, all incorporated herein by refer-
ence 1n their entireties. Suitable implementations for MPU 20
in device 10 are available from InvenSense, Inc. of Sunny-
vale, Calif.

[0053] The device 10 can also include other types of sen-
sors. Analog sensors 22 and digital sensors 24 can be used to
provide additional sensor data about the environment in
which the device 10 1s situated. For example, sensors such one
or more barometers, compasses or magnetometers, tempera-
ture sensors, optical sensors (such as a camera sensor, infra-
red sensor, etc.), ultrasonic sensors, radio frequency sensors,
or other types of sensors can be provided. For example, a
compass or magnetometer sensor can provide an additional
one, two, or three axes of sensing, such as two horizontal
vectors and a third vertical vector. In the example implemen-
tation shown, digital sensors 24 can provide sensor data
directly to the intertface bus 21, while the analog sensors can
be provide sensor data to an analog-to-digital converter
(ADC) 34 which supplies the sensor data 1n digital form to the
interface bus 21. In the example of FIG. 2, the ADC 34 1s
provided in the MPU 20, such that the ADC 34 can provide
the converted digital data to hardware processing 30 of the

MPU or to the bus 21. In other embodiments, the ADC 34 can
be implemented elsewhere 1n device 10.

Element Selection

[0054] According to various embodiments of the present
invention, the motion sensors of the device 10 can be used to
control selection from a set of elements displayed on the
display screen 16a of the device, such as a set of i1cons
(whether displayed as a two dimensional array, in a three
dimensional structure, or in any other manner capable of
presenting data for user review or interaction), a menu con-
taining a list of 1tems, or a set of 1image thumbnails, or any
other elements that can be displayed for user review or 1nter-
action. The selection of other similar sets of discrete elements
may also be controlled using the features described herein.
Displayed objects or areas of a variety of shapes and configu-
rations can be selected as elements, including 2-D objects or
3-D objects displayed on a 2-D display screen. For example,
one or more cubes, spheres, rectilinear shapes, dials, surfaces,
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backgrounds, sections or portions of a displayed object or
area, or other displayed objects.

[0055] FIGS. 3A-3E show examples of a display of icons

presented on the display screen by an 1con selection software
application or operating system running on the device (an
operating system can be considered a “software program”™ for
the purposes of this document). In addition to operating sys-
tems, software programs may also include any software
application or functionality, and any process, task, thread or
other aspect of any operating system or application. A hand-
held device may have one or more operating systems runnmng
on 1t, or no operating system 1if the device 1s not initialized yet
or if the functionality traditionally associated with an operat-
ing system 1s provided by any combination of hardware,
firmware or software applications. A software program may
run fully on a handheld device. Alternatively, a software
program may run partially on a handheld device and partially
on an external system. An example of a case where a software
program runs at least partially on a handheld device includes
an embodiment where the software program running on the
handheld device 1s part of a larger software program, with the
larger software program also including a module that runs on
an external system (e.g., the module running on the external
system may support, complement or otherwise provide func-
tionality for the software program runmng on the handheld
device). Examples of such external systems include a periph-
eral component connected to the handheld device, a con-
sumer device connected to the handheld device (for example
a television set, an audio and/or video content server, or any
other end user system capable of being accessed by the hand-
held device as part of a local area network set up 1n a home,

olfice or otherwise surrounding a user), a server connected to
the handheld device (for example a server that i1s part of a
network 1infrastructure, otherwise supports, or can be
accessed via a wireless network to which the handheld device
may connect), any other computer or server that may provide
content or other application support to the handheld device
(for example a server running an application that can be
accessed by the handheld device, such as a photo sharing
application or an application permitting access to audio,
video or other content accessible on such server), or any
combination of the foregoing. A two-dimensional array of
icons may be presented such that the user can select one of the
icons to 1nitiate an application to execute on the device 10. In
this example, to select an 1con, the user holds down or other-
wise activates a motion function trigger, such as a button, to
enter a selection mode of the device that allows selection of an
icon or other element, and rotates the device 1n space. Motion
function triggers are discussed 1n further detail below. As the
device 1s rotated, the icon selection application tracks this
device movement and highlights icons based on the move-
ment. In one embodiment, rotational movement of the device
10 about the roll axis (e.g., left-right rotation) 1s used to move
the highlighting indicator left or right, and rotational move-
ment about the pitch axis (e.g., up-down rotation) 1s used to
move the highlighting indicator up or down. Other device
movements about or along different axes can be used for
highlighting movement 1n other embodiments.

[0056] In various embodiments, the mteractions with a
device that are described herein in connection with the acti-
vation ol a motion function trigger can also be implemented
in the absence of a motion function trigger, or can take place
in the presence of a motion function trigger but without the
activation of the motion function trigger.




US 2009/0262074 Al

[0057] Insomeembodiments, the interactions with a device
that are described herein without direct reference to a motion
function trigger can also be implemented based on the acti-
vation ol a motion function trigger.

[0058] The highlighting of an 1con can be implemented 1n a
variety of ways. For example, the icon can be displayed larger
than the non-highlighted icons, or brighter, or with a different,
noticeable color. In the present example, the highlighted 1con
1s displayed larger than the other icons, as shown in FIG. 3A.
Other embodiments can display a cursor or other indicator
over a highlighted 1con.

[0059] According to various embodiments, a visual indica-
tor (or, 1n short form, “indicator’) 1s an artifact displayed on a
screen to facilitate interaction with the device by a user.
Examples of visual indicators include a cursor, an insertion
bar, an 1nsertion point, or any other pointer or indicator ele-
ment that may be displayed 1n a graphical interface. A visual
indicator may be used to track position on a display (e.g., a
cursor moving 1n a window), to select a visual element, to
interact with an 1con (e.g., selecting an 1con), to perform an
action associated with the i1con (e.g., opeming a folder asso-
ciated with the 1con, opening a file associated with the 1con),
to start an application associated with the i1con (e.g., start a
phone application associated with the icon, place a phone call
to an individual associated with the 1con, start a photo viewing,
application to view a picture associated with the 1con), or to
perform any other activity related to the icon.

[0060] According to various embodiments, an 1icon may be
any graphical artifact that can be rendered by a display device,
including representations of files (e.g., photographs, other
graphics, video, audio, and any other multimedia files), fold-
ers, directories, applications, text, keys of an input interface
(e.g., letters, numbers and other symbols of a keyboard dis-
played graphically, whether the keyboard 1s static or 1ts keys
are changing dynamically 1n response to user actions), and
any other similar graphical representation that can be visually
presented to a user.

[0061] Certain embodiments of the present invention relate
to various “visual elements™ (or, 1n short form, “elements™)
capable of being displayed to a user. Examples of such visual
elements include icons, menus, menu bars, windows, window
bars, boxes, checkboxes, links, hyperlinks, lists of items (e.g.,
songs, photos, videos, emails, text messages ), any combina-
tion or subset of the foregoing, and any other visual artifact
that can be displayed to a user to convey information. Various
embodiments described herein in reference to particular
visual elements (e.g., icons) may also apply to other visual
clements.

[0062] In various implementations, interaction with visual
clements may 1nclude highlighting visual elements, moving
visual elements, reordering lists or sets of visual elements,
scrolling lists or sets of visual elements, deleting or adding
visual elements, converting visual elements to different visual
clements, or any other activities associated with the manipu-
lation, activation or other interaction with such visual ele-
ments.

[0063] Inoneembodiment, the highlighting forms a type of
cursor or indicator which indicates which icon will be
selected when the button 1s released. When the device has
been moved such that a desired 1con 1s highlighted, the user
releases the button to select the desired 1con, which typically
causes one or more states of the device to change and/or one
or more functions to be performed on the device, such as
initiating one or more associated application programs. 11 the
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user decides not to select any 1con after holding the button, the
user can perform an exit motion gesture or other exit input to
cause the device to exit the selection mode. For example, the
user can shake the phone to mput a shake gesture before
releasing the button, indicating that no 1con 1s to be selected
and to exit the selection mode. Other motion gestures or
control imnputs can be used similarly 1n other embodiments. A
“gesture” or “motion gesture,” as referred to herein, 1s a
motion or set of motions of the device (whether predefined or
not) which, when recognized by the device to have occurred,
triggers one or more associated functions of the device (or
changes one or more states of the device, e.g., the changing of
a status or display, the selection of a function, and/or the
execution or activation of a function or program). This motion
can be a more complex set of motions such as a shake or tap
or circle motion, or can be a simple axial movement or static,
continuous orientation of the device, such as tilting or orient-
ing the device 1n particular axes or over a particular angle. The
associated functions can include, for example, scrolling a list
or menu displayed on a display screen of the device 1n a
particular direction, selecting and/or manipulating a dis-
played item (button, menu, control), providing input such as
desired commands or data (such as characters, etc.) to a
program or interface of the device, turn on or oil main power
to the device, and so on, many examples of which are
described herein.

[006d] Motion gesture recognition can be implemented
using one or more heuristics and/or algorithms that interpret
the sensor motion data to determine which gesture(s) have
been input. For example, the device can pre-process raw
sensor data from the sensors by changing coordinate systems
or converting to other physical parameters, such thatresulting
“augmented data” looks similar for all users regardless of the
small, unintentional differences in user motion. This aug-
mented data can then be used to train learning systems or
hard-code pattern recognizers resulting 1n much more robust
gesture recognition. Some embodiments of methods for rec-
ognition of gestures and motions of a device are also
described in copending U.S. patent application Ser. No.
12/252,322, entitled, “Mobile Devices with Motion Gesture
Recognition,” filed Oct. 15, 2008, and incorporated by refer-
ence herein 1n 1ts entirety.

[0065] 'To make the selection of 1cons easier, visual feed-
back can also be provided on the display to indicate how the
user 1s rotating the device. For example, an actual cursor or
other indicator can be shown overlayed on top of the 1cons,
moving continuously in accordance with device motion.
When the cursor 1s primarily displayed on top of a particular
icon, that icon becomes highlighted, indicating that 1t will be
selected 11 the button 1s released.

[0066] FIGS. 3B-3E show one embodiment in which high-
lighted 1cons are themselves moved continuously by a small
amount in accordance with device motion 1n order to help the
user control which icon 1s highlighted. In some embodiments,
the small amount can be less than half the size of an unhigh-
lighted 1con, for example, and may be much smaller. The icon
100 1n FIG. 3A 1s highlighted by being displayed larger than
the other 1cons, and the user rotates the device 10 to the right
(e.g., roll movement), intending to select an 1icon displayed to
the right of the highlighted i1con. As shown 1n FIG. 3B, this
motion causes the highlighted icon 100 to move continuously
to the right on the display screen, in conjunction with the
continuous device motion. At some point, shown 1n FIG. 3C,
the highlighted 1con 100 has moved to a threshold limait at the
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right, which causes the next icon 102 displayed in the moved
direction to become highlighted and the former highlighted
icon 100 to be displayed in 1ts usual, unlhighlighted form.
When the user continues the motion of the device to the right,
the highlighted icon 102 1s similarly continuously and
slightly moved to the right, as shown in FIG. 3D, and when the
right limit to icon 102 1s reached and device motion 1s con-
tinued, the next icon 104 1s then highlighted and 1con 102
unhighlighted. The same highlighting method can be used in
all directions from an 1con, e.g., m left, up, down, diagonal
directions 1n addition to the right direction described, possi-
bly 1n response to a combination of rotational movement
about the pitch axis and rotational movement about the roll
axis of the electronic device.

[0067] In some embodiments, the algorithm for selecting
the icon can primarily rely on roll and pitch gyroscopes of the
device, which measure angular velocity about roll and pitch
axes of the device 10. This angular velocity can be integrated
to provide angles that indicate how much the device has been
moved. However, 1con selection may also be controlled using,
a yaw rotation of the device 10. Other control signals may be
implemented by combining gyroscope axes. For example, by
combining yaw and pitch, a circular movement may be used
to scroll through a set of icons. These control signals may be
derived only from gyroscopes of the device, or they may be
derived from a combination of any of gyroscopes, acceleroms-
cters, and magnetometers of the device as the output of a
sensor fusion algorithm (e.g., an algorithm combining inputs
from multiple sensors to provide more robust sensing, an
example of which1s described in copending U.S. patent appli-
cation Ser. No. 12/252,322, incorporated herein by refer-
ence).

[0068] In some embodiments, hysteresis can be used to
ensure that noise provided from the sensors and/or from the
user’s hand shaking does not cause the highlighting to per-
form 1n undesired ways, such as jumping back and forth
quickly between two 1cons. For example, as indicated i FIG.
3 A, one threshold limit 110 may be used when determining
when to move the highlighting from 1con 100 on the left to
icon 102 on the right based on device movement, and a
different threshold limit 112 (at a different display screen
position than threshold limit 110) may be used when deter-
mimng when to move the highlighting from an icon on the
right to anicon on the lett based on opposite device movement
(the thresholds are typically not displayed). Modifying the
threshold 1n this way reduces the apparent noise, and can
make the system easier to control. Other algorithms that filter
out hand shake and reduce drift may also be used to improve
the usability of the device.

[0069] In a different embodiment, a menu containing a
vertically arranged list of items may be controlled by using a
pitch device rotation (up-down rotation). In another embodi-
ment, a menu containing a vertically arranged list of 1tems
may be controlled by using an approximate circular move-
ment of the device 1n space, 1.e., tracing a circle or similar
shape 1n space by moving the device 1n an approximately
circular motion. Rotating the device clockwise can, for
example, move a displayed cursor 1n one direction, and rotat-
ing the device counter-clockwise can move the cursor 1n the
opposite direction.

[0070] Inoneembodiment,asetofelements such as anicon
orid or a menu are displayed by the display screen of the
device. The user holds down the button and uses rotation to
highlight an element, and releases the button to select 1t, as

Oct. 22, 2009

described above. This may cause an application to start, or
may cause a new menu or set of elements to be displayed. A
hierarchy of levels of elements may also be provided. The
user can navigate forward into sets of elements, sub-menus,
or screens by depressing the button, moving a cursor or high-
light, and releasing the button to select the element and dis-
play a new sub-menu or screen ol elements. The user can
navigate backward to higher or previous menus or levels 1n
the hierarchy, by pressing, for example, a different control.
Different buttons can be used for forward and for backward
navigation. For example, the user can press a “go back”
button on the device 10. Alternatively, a single button (or
other control) can be used for both forward and back naviga-
tion. For example, a sequence of press and hold the button,
move the device, and releasing the button causes the device
and screen to move forward 1n the hierarchy, whereas a quick
press-and-release of the button by the user causes the device
and screen to go back in the hierarchy. In another embodi-
ment, a motion gesture such as a shaking movement, tapping,
or other gesture may be used to go back to a previous level 1n
the hierarchy.

Panning and Zooming

[0071] Panning and zooming can be performed on images
displayed by the display screen of the device 10. Moving an
image (or the displayed view of an 1image) to the left, right, up
and down 1s called panming, while bringing a view of the
image (or part of the image) closer or further away 1s called
zooming. Herein, the term “zooming” may include both
zooming 1n (closer view) and zooming out ({urther view). For
example, FIG. 4A shows an 1image displayed on the display
screen of the device. In FI1G. 4B, the image has been zoomed
in more closely. In FI1G. 4C, the zoomed 1image of F1G. 4B has
been panned to the left and down.

[0072] Insomeembodiments, rotation of the device may be
used to manipulate an 1mage continuously to perform pan-
ning of the image. Device rotation may also be used to zoom
the image to a larger or smaller size on the screen. The image
may be a graphical image, or a document such as text docu-
ment, a PDF, a web page, or other similar types of documents.

[0073] Insome embodiments, applying roll and pitch rota-
tion to the device while holding a button down can provide
image panning. For example, roll movement can cause the
image (or view of the image) to move left or right, and pitch
movement can cause the image or view to move up and down.
In some embodiments, the image or view can be so manipu-
lated only when the button 1s depressed and held by the user.

[0074] Some embodiments can control zooming 1n a dis-
played view by moving the device approximately along a
linear axis, such as in-and-out movement along the z axis
shown 1n FIG. 1 (e.g., in to zoom 1n, out to zoom out, or some
other control scheme), or alternatively linear movement along
the x-axis or y-axis. For example, the in-out z-axis movement
may be tracked by observing the linear acceleration vector
from accelerometer data, after the component of gravity has
been removed from the accelerometer data using the gyro-
scope data (e.g. using model equations such as those
described in copending U.S. patent application Ser. No.
12/252,322, incorporated herein by reference). Furthermore,
motion ol a device along the z-axis often can include some
rotational motion, such as rotational motion about the rota-
tional axis of the user’s elbow as the device 1s moved by the
user’s arm. The gyroscopes of the device can be used to detect
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such rotational motion to help to more precisely measure the
amount of device motion approximately along the z-axis.

[0075] Insomeembodiments, the linear acceleration vector
ol accelerometer data may also be combined with 1nforma-
tion from a camera system on the device 10, using well known
methods such as optical flow 1 which optical images are
analyzed to determine direction and amount of movement of
the device 10. This can provide a more robust 1n-out control
signal 1n some embodiments.

[0076] Someembodiments can provide a zooming function
when the device 1s mampulated with a pitch rotation. Since in
some embodiments this may be the same type of device
movement that causes the image to pan up and down (or
perform some other panning function), a second motion func-
tion trigger (such as a button) can be used for zooming, such
as holding the second button while zooming. Alternatively, a
single trigger may be used for zooming and panning, where,
for example, the trigger 1s activated (and released) a first time
by the user for a panning mode and 1s activated a second time
in order to switch to a zooming mode.

[0077] Inanother embodiment, a yaw rotation of the device
may be used to control zooming. In some embodiments, a
single button may be used to enter a mode 1n which the image
can be manipulated using motion, where roll movement pans
the image left and right, pitch movement pans the image up
and down, and yaw movement zooms the 1image (or view of
the 1mage) to be larger and smaller. Since the user may pro-
vide cross-axis movement of the device, whether intended or
not (e.g., movement 1n two rotation axes, such as roll and
pitch), this may be confusing, as the displayed image might
zoom and pan at the same time. To prevent this, a threshold
may determine whether panning 1s being selected or zooming,
1s being selected. If a type of movement 1s primarily roll or
pitch, as determined by an amount of movement in the par-
ticular axis over the associated threshold, then panning 1s
used on the 1mage. Similarly, 1f the movement 1s primarily
yaw, zooming 1s used. An i1con or other displayed message or
clement may also be displayed which indicates whether pan-
ning or zooming 1s being used. For example, as shown 1n FIG.
4B, a magnifying glass can be displayed when in zooming
mode and/or zooming 1s occurring. As shown in FIG. 4C, a
hand symbol can be displayed when in panning mode and/or
panning 1s occurring. Alternatively, or in addition, non-visual
output can indicate the current operation or function, such as
audio, tactile, or other feedback.

[0078] In some embodiments, zooming may always occur
at the center of the view of the image as currently displayed on
the screen. In this case, the user can first pan to the desired
location, and then zoom. Some area outside the view of the
image can be stored 1n a butler in this case; for example, 1f the
user wishes to zoom 1n on one corner of the image, 1t should
be possible to position that corner at the center of the screen,
and then zoom 1n. Alternatively, the user can be required to
first zoom 1n to the desired zoom level, and then pan to the
desired location. In other embodiments, the zooming may
occur at a location of the image indicated by an indicator such
as a cursor. This cursor may ordinarily be 1n the center of the
screen, but may be moved around the screen by the user when
the 1image 1tself can’t be panned any further. In this embodi-
ment, no buller 1s required. The cursor that indicates where
the zooming will occur may also be the 1con which indicates
whether panning or zooming 1s occurring.

[0079] A cursor may also or alternatively be used to select
part of the image. For example, 1n the case of a web page, the
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cursor may be positioned above a link, and then used to select
that link using a control (such as a button) or gesture (such as
a tapping gesture).

[0080] If yvaw device rotation 1s used to zoom, 1n some
embodiments the effect may be visually confusing because
the screen 1tsell rotates with respect to the user as the device
1s rotated. To reduce user confusion, the image on the screen
may be rotated to compensate for the user’s yaw rotation. In
one embodiment, while the button 1s depressed and yaw rota-
tion 1s applied to the device, the image displayed 1n the screen
1s rotated 1n the opposite direction by a corresponding amount
so that 1t maintains the correct orientation relative to the user.
When the button 1s released, the screen orientation can return
to 1ts ordinary orientation. Other controls can be used in other
embodiments.

[0081] In one example, an application running on the
device may be a camera application (whether photo or video).
The control signal used for zooming, e.g., pitch or yaw rota-
tion, or forward-backward linear movement, may control the
optical or digital zoom of the camera 1n preparation for taking
a picture or during video recording. In various embodiments,
control of a camera may take place with or without a motion
function trigger. In one implementation, the zoom function of
a camera 1s activated 1n response to a user pressing a button
and 1s deactivated when the user releases the button (or after
a predefined period of time after the user releases the button).

Additional Element Selection

[0082] In some applications, lists or arrays ol displayed
clements such as 1cons may contain more elements that can be
presented on the screen. Various control methods can be used
to display and select such elements. In some embodiments,
the control motion (such as roll, pitch, or yaw) that 1s used to
control the element selection, can also be used to select ele-
ments not visible, by scrolling past the elements visible such
that the non-visible elements move into the visible area of the
display screen.

[0083] In other embodiments, the zooming function
described above can be used to zoom the view on the display
screen out to view an entire set of elements or zoom 1n to view
a desired subset of the elements at a desired location. Alter-
natively, selecting an element that represents a group of sub-
elements can cause those sub-elements to become visible on
the screen.

[0084] In another embodiment, pages of elements can be
changed by using a gesture, such as a shaking movement or a
triple tap. For example, a triple tap can cause the current page
of elements to be replaced by the next page ol elements.
Alternatively, shaking can be used; 1n this case, the direction
of the shake can determine whether the current page of ele-
ments will be replaced by the next page of elements (e.g., for
movement 1n one direction along a movement axis) or the
previous page ol elements (for movement 1n the opposite
direction along that movement axis).

[0085] Insome cases, 1t may be necessary for the user to be
able to adjust the location of displayed elements within a list
or array. In this case, an element can be selected such that 1t 1s
highlighted, but has not been activated (1.e. the associated
function of the element not 1initiated). For example, the user
can press a button 36, and use a control signal previously
described such as roll, pitch, or yaw, to adjust the location of
the element within the list or array. Releasing the button
would cause the element to stick to 1ts new location.
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[0086] If a menu of elements 1s composed of multiple
screens, the user can provide motion gestures (e.g., com-
mands) to cause the device 10 to move to the next, or a
different, menu screen. For example, a triple tap gesture (de-
scribed below) can be 1input to move to the next menu screen.
Or one type of gesture can be used to move to the next menu
screen, while a different type of gesture can be used to move
to the previous menu screen.

Character Selection

[0087] Flement selection methods previously described,
such as 1con selection, may also apply 1n cases in which the
clements to be selected are displayed keys or buttons that
make up a displayed numeric keypad for use in a function
such as a phone dialer or a calculator. In other embodiments,
the elements make up an entire displayed alphabetical key-
board or other large set of characters such as symbols.
Examples of “characters” include numbers, letters, punctua-
tion symbols, other symbols, Chinese characters or other
similar characters, or strokes within Chinese characters. In
some embodiments, the characters presented can be selected
using continuous movement of the device such as roll, pitch,
or yaw, where the selection of a motion function trigger 36 1s
mitially provided to initiate the selection mode. In one
example, the characters may be displayed 1n a two-dimen-
sional array and selected using a combination of two move-
ments, such as pitch and roll to scroll the array and highlight
different characters, or to provide x and y movement of cur-
sor. Or characters may be presented 1n a one-dimensional list
and selected using a single movement, such as pitch, to con-
trol the cursor 1in the one dimension, or scroll the list.

[0088] For systems with only a few available characters to
select, such as a phone dialer that only has twelve characters
(0, 1, 2, 3,4, 5,6, 7, 8,9, * and #), selection could be
accomplished with a single degree-of-freedom (DOF) device
movement to scroll elements, similar to that used with arotary
dial phone. In a rotary dial phone, the user turns a dial to the
correct number and than releases the dial, allowing 1t to reset.
Similarly, in some embodiments, a 1 degree-of-freedom
(DOF) device movement such as roll, pitch, yaw, or a circular
movement combining two of these (such as pitch and yaw)
can be used to accomplish character selection when, for
example, this motion 1s combined with the press and/or hold-
ing of a button 36. In one example, the user could be presented
with a displayed graphic of a wheel similar to that of a rotary
phone or a casino slot machine wheel, providing the charac-
ters (or other graphical icons or pictures) that can be selected.
For example, the user can press and hold the button and scroll
or rotate the wheel to the desired characters, then release the
button and watch the wheel reset.

[0089] In some embodiments, 1t may only be necessary to
enter a few characters before an auto-complete feature can be
used to fimish the string of characters. For example, when
dialing a telephone number, 1n addition to using continuous
motion to select the individual digits (or other characters) of
the telephone number, continuous device motion can be used
to select the completed number from a list of numbers pro-
vided by the auto-complete feature, comprising numbers
associated with a speed-dial setting for the first digit entered
by the user, numbers that begin with the digits entered by the
user, and/or previously dialed numbers. The auto-complete
list can be displayed alongside the digits, and updated auto-
matically as further digits are selected, and navigating
between digit entry and auto-complete list can be accom-
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plished with continuous device motion as well. For example,
if the digits are presented 1n a vertical column at the left of the
screen, and the auto-complete menu 1s presented at the right
ol the screen, the user could select digits by pressing a button,
scrolling to the desired digit with a pitch movement, and
releasing the button. When the desired completed number
appears on the auto-complete menu to the right, the user could
hold the button and use a roll device movement to switch from
the numeric column to the auto-complete column, and then
release the button. Finally, to select the desired number from
the auto-complete column, the user could hold the button,
scroll to the desired number 1n the auto-complete column, and
release the button.

[0090] Alternatively, a character selection list can be
mampulated with one type of movement, and the auto-com-
plete list can be manipulated with a second movement. For
example, digits (or other characters) can be presented for
selection 1 a list that 1s manipulated with a yaw device
movement, while the auto-complete list can be manipulated
with a pitch device movement. The user can depress the
motion button 36, use a yaw movement to navigate to a digit,
and release the button. When the desired contact or entry
appears 1n the auto-complete menu based on the entered
digit(s), the user can press the button, use a pitch movement to
navigate to the desired contact in the auto-complete menu,
and release the button to select that contact. To prevent both
lists being active simultaneously, a threshold can be used to
determine which list 1s active (digit selection list or auto-
complete list). For example, after the button 1s depressed,
either the pitch or yaw rotation of the device must pass a
predefined threshold of rotation magnitude; the one that
passes the threshold first determines which list 1s active.

[0091] In the telephone example, the dialing of the phone
resulting from selecting an auto-complete list entry could
happen immediately, or could be triggered by an additional
gesture or button press.

[0092] Continuous motion gestures can be combined with
discrete gestures for further control. For example, a discrete
gesture can be used for deleting a last character entered,
clearing all entered characters, activating auto-complete, or
executing a related task such as dialing a number. The discrete
gesture may be, for example, a previously described gesture
such as shaking or tapping.

[0093] In the case of a larger set of characters, such as an
alphabet, other features may be necessary to help with the
selection of the characters. In this case the character selection
list or array may associate multiple characters with each
selectable element. For example, devices with numeric key-
pads commonly associate multiple alphabet characters with
cach number key. Currently, the user may press the number
keys, and an automated function will attempt to determine
which of the multiple associated characters was intended.
Similarly, the auto-complete function may be used to reduce
the number of characters presented to the user, making 1t
casier to use motion sensing to select the desired symbol.

[0094] Discrete gestures and gesture recognition can also
be used to mput characters or other symbols. In one example,
the characters can be presented in an displayed array such that
shaking the device 1n the direction of a particular character
selects that character. In another example, a gesture associ-
ated with a character could be performed and recognized by
the device. For example, the gesture may be a trajectory
traced out that resembles the character; alternatively, it may
be a different trajectory that 1s chosen because 1t 1s easy to
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execute and easy to recognize. In some embodiments, a char-
acter can be selected by moving the device in space to trace
out a trajectory in space representing the character itself,
examples of which are described 1n copending U.S. patent
application Ser. No. 12/252,322. The trajectory can be simi-
larly-shaped to the character, or 1t can be one of a set of
trajectories stored 1n a database and associated with particular
characters, these trajectories not necessarily being visually
similar to the characters, but being easy to execute and rec-
ognize.

[0095] In one example of a character gesture, the gesture
can include multiple strokes, similar to the multiple strokes 1n
some characters. A motion sensing device as described herein
may have difficulty in precisely measuring multiple strokes,
since the strokes may overlap when traced 1n the air or be
otherwise misaligned. Thus, unlike character recognized
based on stylus motion on a tablet, the spatial relationship
between multiple strokes may not be reliably sensed. This can
be alleviated 1n some embodiments by having a control for the
user to indicate the beginning and/or ending of particular
strokes 1n a character. For example, one stroke can be input by
tracing the device 1n the air, and then a button pushed or other
control activated to indicate the end of that stroke and/or the
beginning of another, separate stroke. Another control can be
used to indicate that all the character strokes are completed.
The device can then read each stroke independently and look
at their order, size, etc. and attempt to recognize the strokes as
a single character. The spatial relationship between the mul-
tiple strokes can be 1gnored or reduced 1n significance 1n the
recognition method.

[0096] The auto-complete function may operate differently
with different languages. In the case of Chinese characters,
for example, a series of strokes are performed 1n order to enter
a character. As the strokes are performed as motion trajecto-
ries, the auto-complete function could determine the likely
intended character based on the strokes that have been
entered. An auto-complete menu listing the likely characters
could be updated automatically as strokes are entered, and
when the desired character appears on the list, the user could
navigate to that character using previously discussed tech-
niques. In order to clarify whether a movement corresponds
to a stroke, or to moving between strokes, each stroke could
be associated with a button press. The button can be pressed
before mitiating the stroke, and released at the end of the
stroke; alternatively, the button can be pressed at any time
during the stroke, 1n order to allow faster stroke delivery. In
another embodiment, the strokes could be delivered without
any button press. This would make exact character recogni-
tion more difficult for the device, but 1naccurate recognition
would be compensated for by the auto-complete list, which
can display all possible characters.

[0097] In another embodiment, the auto-complete list or
array can be displayed as part of the character list. For
example, as the auto-complete function determines which
characters or strokes can be entered 1n order to complete the
contact entry (e.g., number, word, or Chinese character), the
presented list or array of selectable characters could change
form 1n order to present only the available characters deter-
mined to complete the entry. This would allow the number of
characters presented to the user to be reduced dynamically.

3-D Map Viewing

[0098] A map viewer application can be used on the device
10 to display images of maps of different areas on the display
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screen, or landscapes or other representations of physical
space. The displayed view for the map can be moved 1n
accordance with motion of the device. For example, the map
viewer can provide the panming and zooming of a map simi-
larly as described above. In addition, the map viewer can
determine the compass directions on the map from a heading
determined by motion sensors of the device 10. The heading
can be determined from any combination of gyroscopes,
compass, or GPS, for example. Thus, in some embodiments a
displayed map can be rotated on the display screen based on
this heading in order to correctly align the displayed map with
the actual directions on the surface of the Earth. For example,
in FIG. 5A the map image 1s displayed 1n one orientation
based on current user direction, and 1n FIG. 5B the map
orientation has been changed after the user holding the device
has moved and faced a new direction.

[0099] Insomeembodiments, a 3-D map may also be tilted
in accordance with device motion in order to provide a first-
person view of the map. Some embodiments may allow such
a map to be viewed 1n first-person view and overhead view.
For example, 1f the device 1s oniented such that the display
screen 1s horizontal with respect to the ground (1.e., the screen
1s facing up), the map may be displayed such that the user has
an overhead view of the map’s area, as shown 1n FIG. 5C. If
the device 1s moved or oriented such that the screen 1s vertical
(perpendicular to the ground), the displayed map may be
continuously moved 1n accordance with the movement to the
vertical position such that the user now has a 3-D view, e.g.,
where a horizon 1s shown above the map. One example of a
more foreshortened, 3-D view of the map 1s shown in FIG.
5D); other embodiments can provide a view closer to ground,
with a horizon shown and/or taller features of the landscape
rising above other features 1n a 3-D presentation. This tilting
and rotating may be continuously controlled, e.g., without the
use of any button or other control. Alternatively, it may be
controlled using one or more buttons.

Continuous Scrolling

[0100] Device motion can be used to scroll the display of
different elements on the screen. For example, a horizontally-
displayed and aligned set of elements may be displayed on the
screen to the user and stored 1n memory of the device, such as
the pictures shown 1n FIG. 6A. In one embodiment, when a
button 1s held down and the device moved or oriented in space
appropriately, the set of elements scrolls continuously 1n one
direction. Thus, 1n FIG. 6B, the images have been scrolled to
the left so that pictures on the right are now 1n view. In this
example, the direction and the speed of the scrolling may be
modified by rotating the device.

[0101] In some embodiments, gravity 1s used to determine
the direction and speed of the scrolling. For example, 11 the
device 1s held level, no scrolling occurs. If the device 1s tilted
(rotated) to the lett (e.g., yaw motion), the displayed elements
are scrolled to the left, giving the impression that the elements
are sliding down under the influence of gravity. The speed of
the sliding can be determined based on an angle of the device
relative to the vertical direction (as determined from the grav-
ity vector); the further the device is tilted, the faster the
clements are displayed to scroll. Similarly, if the device 1s
tilted to the right, the elements slide to the right.

[0102] The gravity vector can primarily be determined by
one or more accelerometers of the device 10. To improve the
responsiveness ol the system if the orientation 1s changed
rapidly, gyroscope data 1s combined with the accelerometer
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data. In one embodiment, the gyroscope and accelerometer
data are combined to form a rotation matrix indicating the
orientation of the device. Three elements within the rotation
matrix will represent a unit vector indicating the direction of
gravity. One, two, or all three of these elements may be used
to determine the direction and magnitude of the scrolling.

[0103] Inanother embodiment, instead of using gravity as a
reference, the orientation of the device immediately before
pressing the button 1s used as the reference. In this embodi-
ment, the illusion of “sliding under gravity” 1s weakened
because the rotation applied may be relative to gravity or not,
depending on the orientation of the device prior to pressing
the button. However, an advantage 1s that the user 1s not
required to hold the device upright relative to gravity 1n order
to manipulate a display such as a set of elements.

Processing Sensor Data Based on Device Context

[0104] Sensor data from the device sensors can be inter-
preted by processors on the device 1n different ways depend-
ing on a current device context. This can allow device motions
that might be difficult to interpret to be recognmized more
robustly. Several embodiments of this feature are described
below.

Tilt and Tap

[0105] The device may be manipulated by the user to scroll
the display of elements 1n other ways. As shown 1n FIG. 7A,
in one embodiment, a set of elements such as pictures may be
arranged horizontally on the display, with one element being
highlighted, e.g., displayed in the largest size of the elements
as the focus of the display as shown 1n FIG. 7A (some unhigh-
lighted elements can partially shown, reduced 1n size, or
otherwise displayed to the sides of the highlighted element
for user reference, as shown). A tap motion gesture can be
input to the device to influence the display, where a tap ges-
ture 1s a short pulse of movement of the device, typically
caused by the user briefly tapping or hitting the housing of the
device with a finger, hand, or object. For example, tapping the
device (inputting a tap gesture) can cause the next element 1n
the sequence of elements to be highlighted and the former
clement to be unhighlighted, 1.e., increment the displayed
clement. The direction of the 1ncrementing may be modified
by tilting (rotating) the device 1n either direction about one or
more predetermined axes. For example, 11 the device 1s held
upright, the tap gesture may not cause any change. However,
if the device 1s tilted to the lett about the yaw axis, the tapping
causes the set of elements to move to the left on the display
such that the next element to the right 1s highlighted, as
though the elements are sliding under gravity. Similarly, tilt-
ing the device to the right and mputting a tapping gesture
causes the set of elements to move to the right.

[0106] In this example, the context of the device includes
the element displaying program running. Furthermore, the
context includes the physical orientation of the device. Thus,
when the device s tilting 1n a particular direction, and then the
user mputs a tapping gesture, this gesture i1s mterpreted in
light of the tilting context to mean to scroll the elements 1n the
direction of the tilt.

[0107] Visual feedback on the display screen may be used
to indicate at least one suitable motion gesture that 1s appro-
priate for the current operation context. For example, visual
teedback 1n the example above can indicate to the user which
direction, 1f any, the elements will move when a tapping
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gesture 1s mput. This 1s shown 1n FIGS. 7B and 7C. For
example, 11 the device 1s held upright, no visual indication
appears. If the device 1s tilted to the lett, a left arrow 201 can
be displayed, as shown 1n FI1G. 7B. If 1t 1s tilted to the right, a
right arrow 202 can be displayed, as shown in FIG. 7C. The
arrows indicate the direction of scrolling when a tap motion
gesture 1s mput. In another embodiment, the 1mages them-
selves may be displayed to tilt slightly 1n a particular direction
based on device tilt, to indicate which one of multiple direc-
tions the 1images will move 1n 1 commanded to move.
[0108] In another embodiment, mstead of using a static
(continuous) or simple discrete device movement/orientation
gesture to determine the direction that the clements will
move, a more complex discrete gesture may modity the direc-
tion. In one example, shaking the device to the left may cause
the scrolling context and the left arrow to be displayed; then,
a tap gesture may be input by the user to increment the
displayed elements to the leit.

[0109] Theembodiments described above can be applied to
a set ol images displayed in a list or array of thumbnail images
as shown. In other embodiments, similar control methods can
be applied to images displayed 1n a “full screen” mode, e.g.,
images occupying the entire display screen.

Double or Triple Tap to Select

[0110] If a set of elements 1s displayed such that motion
sensing 1s used to determine which element 1s highlighted,
multiple tap gestures may be used to select the highlighted
clement. In some embodiments, multiple taps may be
required because single taps may register false positives due
to the user adjusting his or her grip on the device. In some
embodiments, each tap 1n a multiple-tap gesture must follow
the previous tap within a predetermined amount of time.
[0111] In embodiments in which single taps and multiple
taps are recognized by the device 10, orientation of the device
10 may be used as a context constraint to determine whether
single taps or multiple taps will trigger a function. For
example, 1n one embodiment, if single taps are used to 1ncre-
ment a set of elements, but only when the device 1s tilted, then
double or triple taps may be used to select the highlighted
clement, but only when the device 1s not tilted.

[0112] Visual feedback may be used to indicate the gesture
(s) that can be accepted 1n the current context, and/or what
function(s) the gesture will cause to be performed. For
example, the visual feedback can indicate whether single or
multiple taps (or other gestures) are available to be mput by
the user to the device, and whether these taps are being rec-
ognized (registering) on the device. As shown in FIGS. 7B
and 7C, an 1con 206 showing a hand with one finger up may
indicate that single taps are available to be input 1n the current
operation context. As shown in FIG. 7A, an icon 208 showing
a hand with three fingers may indicate that a triple tap 1s
available to be input. Additional feedback may include a
counter that displays or flashes a number each time a tap 1s
recognized by the device. For example, as a user taps three
times, the counter may briefly display a corresponding num-
ber “1,7%2.” or *“3,” corresponding to the place of the tap 1n the
sequence. Such feedback 1s important for helping the user
unconsciously learn how to tap correctly. For example, 1f a
triple tap does not register because the orientation of the
device was incorrect, the user will know because the three-
fingered 1con was not present during the tapping. However, 1f
a triple tap does not register because the user did not tap hard
enough, the user will know because the displayed number did
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notreach “3.” Without such feedback, the user may not know
how to modity the tapping 1n order to correctly trigger the
desired device function or event.

Motion Gesture Shortcuts

[0113] Motion gestures can also be used as shortcuts to
directly trigger or 1nitiate one or more functions of the device
10 when the device recognizes the mput gestures, without
having to select 1cons or other displayed elements or perform
other display-related manipulations on the display screen. For
example, shortcut gestures can be used to start a particular
application, change modes within an application, activate a
function of the device (e.g., a function of an application, such
as calling a preprogrammed telephone number or starting
playback of a media file), or generate other events.

[0114] An example of a gesture shortcut 1s shaking the
device. Three different shaking gestures can include shaking
the device with rolling, pitching, and yawing rotations. In
some embodiments, to ensure that shaking of the device does
not trigger functions accidentally, three “shakes™ of the
device may be required 1n order to trigger a function. The
shaking movement may be primarily dertved from gyroscope
sensor data; however, 1n cases 1n which the rotation inertia
varies from one axis to another, acceleration data may also be
used to determine the shaking gesture. For example, with a
typical handheld device, a roll motion may have a very low
rotational inertia (e.g., from rotating the user’s forearm),
whereas yaw and pitch rotations may have higher rotational
inertia (such as bending at the user’s wrist or elbow), and thus
the rolling motion can be much easier for a user to perform
that the other rotations. The sensed rolling angular velocity of
the device can therefore be very high, even 1n cases 1n which
yaw or pitch motion was itended to be the user’s primary
type of rotation. Thus it may be ambiguous which motion was
the primary intended one by the user.

[0115] However, the linear acceleration of the motion can
be used to determine that a much larger amount of energy was
expended 1n the vaw or pitch directions. For example, when
the device 1s only rotated, and no acceleration 1s detected,
then the axis of rotation (roll, pitch, or vaw) 1s directly known.
In many cases, such rotation without acceleration 1s roll
movement (or a rotation around the device axis correspond-
ing to wrist rotation), since the user can rotate his or her wrist
casily without causing other arm movements that cause linear
acceleration; such roll movement 1s often detected 1n many
performed gestures. However, to perform yaw or pitch rota-
tion, the user may have to move his or her elbow or arm, which
causes linear motion and acceleration of the device. This
acceleration can be used as a “tiebreaker” to determine the
intended motion if sensed accelerations around different axes
are both detected at the same time. Yaw and pitch rotation may
often have a smaller angular velocity than roll rotation, but are
correlated with linear acceleration. For example, 11 roll and
yaw rotation are sensed at same time, and there was also
sensed a linear acceleration correlated with yaw rotation (e.g.,
along the yaw axis) and at the same time as the yaw rotation,
then the intended movement 1s most likely yaw rotation and
can be recognized as such. A threshold amount of such linear
acceleration can be used to detect such motion as yaw or pitch
rotation. Thus a yaw or pitch rotation can be determined as the
primary motion intended, 11 1t 1s known previously that the
rotational inertia 1s larger for those rotations compared to
other rotations, and that a particular linear acceleration 1s
often a component of those rotations. Similarly, angular
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velocities 1n certain axes (such as roll) can be assigned much
higher thresholds (speed and/or angle of movement) to be
recognized as part of a gesture than thresholds for angular
velocities 1n other axes, 1t 1t 1s known that the motions in the
certain axes are typically (or measured and found to be) much
casier to perform for a user.

[0116] Other types of gestures may include approximately
circular movements of the device, or drawing characters 1n
space by tracing the characters out by moving the device, such
as letters, numbers, or other symbols. These gestures can also
be used as shortcuts to directly trigger a function of the
device. In some embodiments, character gesture shortcuts
can be interpreted similar to keyboard shortcuts. For example,
tracing out a “W”” 1n space with the device can command that
a web browser application be launched, 1f pressing a “W”
button of the device mitiates the same application.

Constraining Gestures

[0117] To allow motion gesture shortcuts to be recognized
more robustly and reduce recognition of unintended motions,
shortcuts can be configured to be recognized only under one
or more predetermined operating contexts of the device. For
example, to ensure that a detected motion was intended as a
motion gesture and was not icidental or accidental user
motion, a particular orientation of the device may be required
as a context for a particular gesture input to constrain the
gesture recognition system and allow gestures to be recog-
nized more robustly. Thus, a particular gesture will only be
recognized as that gesture when the device 1s oriented 1n a
predetermined way associated with the gesture. In other
words, the gesture includes a particular, predetermined ori-
entation of the device 1n 1ts requirements to be recognized as
that gesture, where that orientation 1s required before, during,
and/or after the performance of the gesture. In some embodi-
ments, the predetermined orientation 1s required only during
a predetermined amount of time measured from the begin-
ning of the gesture. In other embodiments, the predetermined
orientation 1s required during the performance of the entire
gesture. In still other embodiments, the predetermined orien-
tation 1s only required right after the gesture 1s completed,
¢.g., once the gesture 1s detected and recognized, the current
orientation of the device 1s immediately checked. The device
ortentation need only approximately match the predeter-
mined orientation, €.g., the device need only be within a
specified angle range or movement range of the predeter-
mined orientation.

[0118] Asanexample, a “return” gesture can command the
device to return to and display a main menu or default menu
of the device 10, regardless of the current mode or application
currently being displayed. For example, this return gesture
can be a shake gesture, and can also require that the device be
oriented, before/during the shake gesture, such that the screen
of the device 1s pointing downward. For example, the gesture
can be a shaking of the device three times (as though dumping
something out of the screen). Requiring that the screen must
be pointing downward makes 1t less likely that this gesture
will be recognized accidentally when the device 1s being
shaken for some other reason.

[0119] In another embodiment, a shake gesture may be
used to start an application from a main menu. Three shakes
in a roll axis may be used to start one application, such as a
web browser, while three shakes 1n a pitch axis may be used
to start another application, such as a camera. To ensure that
these applications are not triggered accidentally by other
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shaking motions of the device, the system can require the user
to hold the device horizontally (e.g., screen horizontal) to
recognize either these gestures, if the device 1s normally or
primarily held vertically (e.g., screen vertical). (In some
embodiments, the system can be user-specific and determine
how the device 1s normally held by a particular user by exam-
ining orientation data stored over a previous time period of
use.) Since the device 1s primarily held vertically, the gestures
requiring a horizontal orientation will not be recognized dur-
ing ordinary operation.

[0120] In another embodiment, a button 36 may be used to
initiate a particular operating context of the device and deter-
mine when the gesture should be recogmzed. For example,
the user may press and release the button without holding the
button, and then execute a gesture. Alternatively, the user may
press and hold the button and then execute the gesture while
the button 1s held. This method would add robustness, as i1t
would prevent the system from recognizing unconscious
movements as gestures.

Phone Application

[0121] In some embodiments, certain gestures may only
trigger an event when the device 1s in a context that 1s a certain
operating mode. For example, a cell phone or other telephone
functionality can be provided in the device 10, providing a
telephone mode. In one phone embodiment, ordinarily a yaw
shaking movement will not be recognized as any gesture and
will not trigger any functions of the device. However, 1f there
1s an incoming call, phone mode 1s entered and a yaw shaking
movement can be mput to answer the call. A similar gesture
may be used to end the call or hang up the phone. During the
call, a triple tap gesture, or other gesture, may be 1put to
toggle (enable and disable) a speaker phone function.

Portrait and Landscape Viewing Features

[0122] Accelerometers can be used 1n handheld devices to
switch an orientation of a displayed image or application
between portrait and landscape modes of the screen. The
standard methods for performing this function do not work
well 1f the screen of the device 1s oriented approximately
horizontally, 1.e., the screen of the device 1s pointing primarily
upwards or downwards. This 1s because accelerometers can-
not detect rotation around the gravitational vector, but only
measure orientation relative to gravity.

[0123] In the present invention, a yaw gyroscope can be
used to control portrait and landscape orientation 1n this case
or horizontal screen orientation. The gyroscope signal 1s 1nte-
grated; when the signal passes a threshold indicating a 90
degree rotation, the 1mage shown on the screen 1s rotated 1n
the opposite direction by 90 degrees. The threshold may be
less than 90 degrees mm some embodiments. A rotation
through a specific angle may be required, or a yaw rotation
gesture may be used instead. If a rotation occurs that 1s large
enough to pass the threshold, the image 1s rotated on the
screen (€.g., 90 degrees). It a specific angle 1s required for the
threshold, 90 degrees may be subtracted from the current
angle, and the integration may continue. This allows the user
to rotate the device by more than 90 degrees. For example, 1T
the user rotates the device 180 degrees, the 1image 1s rotated
180 degrees.

[0124] To ensure that the image does not rotate unexpect-
edly, this integration may only occur when the screen of the
device 1s close to horizontal. In some embodiments, device
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rotation above a certain speed may be required; if device
rotation occurs under that speed, the image 1s not rotated on
the display. This also allows the user to control whether image
rotation occurs or not; 1f the device 1s rotated quickly, image
rotation occurs; otherwise, 1t does not.

[0125] The 1mage rotation may be constrained to occur
within a predetermined time, 1.e., only when the device 1s
rotated over the threshold angle within the predetermined
time period. For example, 11 the user only rotates the device 45
degrees and then stops the rotation, the angle may be set back
to zero after the predetermined time, or may gradually leak
back to zero at a predetermined rate after the predetermined
time has expired.

[0126] Visual feedback may beused to help the user learn to
control the rotation, and understand why the rotation did or
did notregister in some cases. The current angle of integration

may be directly mapped to the 1mage on the screen, modified
with some scale factor. The user will see that a certain kind of
rotation causes the image to respond, and another kind of
rotation does not. If a 45 degree rotation occurs, and the
integral 1s leaking back to 0, this will be directly observable
by the user 1n such visual feedback.

[0127] In some embodiments, an 1image can be slightly
rotated during device rotation to indicate how 1t would rotate
if the angle threshold were reached. For example, in FIG. 8A,
an 1mage 1s displayed. In response to the user rotating the
device an angle under the associated angular threshold, and 1f
the rotation speed 1s above a predetermined speed threshold,
then the image 1s displayed with a minor rotation in the
corresponding direction, as shown in FIG. 8B. This indicates
to the user the direction and type of 1image change that wall
result with the full angle rotation. When the rotation 1s below
the speed threshold, then the 1mage 1s not rotated at all (nei-
ther the minor rotation, nor the full rotation). In FIG. 8C, the
image has been rotated a full 90 degrees once the user rotation
of the device 1s over the associated threshold.

Audio and Vibration Feedback

[0128] In some cases, the user may not be able to see the
display screen, or may not wish to see the screen. For
example, 1n a previously mentioned embodiment 1n which the
screen 1s oriented face down before shaking 1in order to return
to the main menu, the user would not know whether the
gesture worked or not since the screen 1s typically not visible
with the device facing down. Therefore, the device can
respond with audio or vibration feedback, such as a particular
audio beep indicating a return to the main menu. In the
embodiment in which the user 1s answering the phone by
shaking the device, 1t may be desirable to answer the phone
without looking at the screen first. In this case, vibration
and/or audio feedback may be usetul to indicate that a shake
gesture has been recognized and the phone call has been
answered and 1s recerving a voice ifrom the call. In general, 1n
cases 1n which gestures are performed in which the user does
not want to see the screen, or cannot see the screen due to the
nature of the gesture, vibration or audio feedback will help
notily the user that the gesture was recognized. The type of
vibration or audio feedback may help determine which ges-
ture was recognized, so that the user will know whether the
gesture was recognized correctly or not. Audio can be pro-
vided using well-known speaker devices and vibration pro-
vided at least one vibration motor or actuator, included 1n the
motion sensing device.

Authentication Applications

[0129] More advanced gesture algorithms can be used for
the purpose of authentication. For example, a device motion
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executed by the user can be analyzed and compared to a
motion stored i a database. I1 the executed motion matches
the stored motion, the user 1s authenticated. For example, the
user may need to be authenticated to gain access to informa-
tion, an 1tem, an account, a device function, a function of a
device 1n communication with the device 10, etc. Such
motion authentication can have several advantages, includ-
ing, for example, the preference and ease of some users 1n
remembering a motion signature or authentication motion
over other types of signatures, such as passwords or codes.

[0130] Matching the executed motion to the stored motion
can be performed 1n various ways. The executed motion may
be matched directly to the stored motion, or may be trans-
formed first using coordinate transforms and previously
described sensor fusion algorithms, and reduced to 1ts most
important gesture features before matching (motion gesture
teatures are described 1n copending U.S. patent application
Ser. No. 12/252,322, and are incorporated herein by refer-
ence). The user can record the stored motion beforehand one
or more times by simply executing 1t, and this recorded

motion becomes the stored motion to which to compare later
motions.

[0131] Alternatively, the executed motion can be recorded
but not matched; in this case, the user or a court of law can be
responsible for determining at a later date whether the motion
was correct or not. For example, authentication systems that
currently use written signatures do not depend on machines to
verily the authenticity of the signature. The signature 1s stored
later compared by people to other signatures. Similarly, the
executed motion can be stored and compared by people to
other motions. The motion can be stored and viewed as a
3-dimensional motion, for example, the rotation and transla-
tion of a 3D object. Alternatively, 1t can be stored as a 2-D
motion similar to a signature; 1n this case, the motion can be
that of a trajectory traced out 1n the air. In such implementa-
tions, the movement of a device could be transposed into a
tangible authentication mark that could be directly correlated
with a particular user and could be used to 1dentity the user for
a variety of purposes, including for legal and commercial
purposes (e.g., having the legal value of a traditional signa-
ture, authorizing a purchase in a commercial setting, etc.).

[0132] In one application, a device motion can be used to
authenticate an event or access associated with an external
system that 1s ordinarily authenticated by some other means,
such as a signature, card swipe, key, magnetic strip, or RFID
(Radio Frequency Identification) chip. The authentication
can be executed as a motion by the user and matched to a
previously recorded authentication in a database. In some
embodiments, this motion can be combined with another
authentication mechamsm, such as an RF signature, to pro-
vide the authentication. In another example, a user may define
the motion to be used when unlocking an external system. The
user could program the system by simply doing the motion
with the handheld device one or more times; later, that same
motion could be used to unlock the external system. For
example, the authentication motion can be used to unlock an
external system such as a car door and/or car 1ignition. In such
implementations, the handheld device could communicate
with the external system being controlled via one or more
local communication channels (e.g., WikF1 network, direct
wireless communication, nfrared communication, audio
communication, etc.), via a network (e.g., both the handheld
device and the external device are connected directly or indi-
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rectly to a network), or via a combination of one or more local
communication channels and a network.

[0133] Inanother example, a device (such as a card) includ-
ing an RFID or other RF chip can be used to make a purchase
by swiping the device past an RF detector. However, if the
device has been stolen, additional motion authentication can
be made necessary such that a court could prove that the
purchase was invalid. For example, a predetermined authen-
tication motion could be made by the user while holding the
device near the RFID reader. The purchase could thus be
authenticated with very little extra time required by the user.

Health Applications

[0134] Motion sensors of the device 10, such as gyroscopes
and accelerometers, can be used to measure human move-
ment 1 order to measure and encourage physical activity
necessary for a healthy lifestyle.

[0135] In one embodiment, accelerometers may be used
with or without gyroscopes and GPS as a pedometer, to mea-
sure the spiking impact movements associated with stepping
(walking, running, etc.). Step counters can be used to deter-
mine how many calories a user has burned and the approxi-
mate distance traveled. With the addition of GPS, step length
and distance traveled can be determined 1n order to make a
better assessment of the calories burned, route traveled, and
distance traveled.

[0136] In addition to measuring steps, more precise mea-
surements of energy expenditure can be made using both
gyroscopes and accelerometers. For example, 1f the device 1s
placed 1n the user’s pocket, the angular velocity of the user’s
leg swinging can be measured by the device 1n order to assess
the amount of energy expended. The difference between ordi-
nary walking and “speed walking,” for example, cannot be
determined by counting steps, but may be determined by
measuring the energy used when measuring limb movement.
[0137] In some embodiments, a user’s ambient movement
can be measured to determine how much energy the user 1s
expending in ordinary daily life. For example, if a doctor or
sports practitioner requires a user to move around a certain
amount, the motion sensors can be used to record and quan-
tify the amount of movement executed by the user. Near the
end of the day, the user may examine this amount of move-
ment, and then execute some other movement in order to meet
the required quota of exercise. The system recording and
quantifying the user’s movement may also 1ssue reminders or
encouragement to the user 1n order to move or continue.
[0138] In another embodiment, the motion sensors can be
paired with an exercise system that instructs the user to per-
form certain exercises. In addition to 1nstructing the user to do
certain exercises, and displaying the correct exercise on a
display 1n some embodiments, the motion sensors may also
be used to determine when the user 1s actually executing the
exercise. As an example, the exercise system may instruct the
user to perform 30 sit-ups. The user would be required to hold
the device 10 and perform the sit-ups. The motion sensors can
record the motion and determine when the exercise 1s being
performed by the user. In one embodiment, the device can
count out loud via an audio speaker as the user performs a
repetitive exercise such as sit-ups, and deliver encouraging
words as the user performs them. If the motion sensors deter-
mine that the user 1s slowing down, or has stopped the exer-
cise, the device could deliver increased encouragement 1n
order to convince the user to complete the exercise. A variety
of exercises can be performed by the user while the device 1s
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held, and 1n each case the device can measure the movement
in order to synchronize with the user, and evaluate the user’s
movement in order to give feedback on the speed of execution
or the form. For example, 1n the case of push ups exercise, the
handheld device can measure both speed and arm movement,
determining 1f the user’s arms are back to the starting position
Or not.

[0139] In a different health application, the device can use
its motion sensors to help determine 1f the user has had a
medical emergency. In one example, using the motion sensors
the device can detect whether the user has suddenly and
quickly fallen from a standing or sitting position to a prone
position, indicating a possible medical emergency. The
device can be programmed to automatically notily an emer-
gency service, ambulance, or doctor 1f such an emergency 1s
detected, as well as indicate the current user’s location 11 such
functionality 1s available 1n the device. The user can adjust
settings of the device tailored to his or her medical condition
to allow different sensitivities for emergencies. In another
application, a similar emergency feature can be provided

when the device detects a sudden fall or dangerous motion
during a sport movement or exercise.

Sports Applications

[0140] In one embodiment, the motion sensors of the
device 10 can be used to evaluate sports activity. The device
can be held in the user’s hand, or placed elsewhere on the user,
¢.g., mounted on some other part of the user’s body such as a
belt, shurt, or ankle, or placed 1n the user’s pocket. The device
can measure movement associated with a sports activity, and
record and analyze the movement in order to provide feed-
back for the user. The device may also be mounted on a golf
club, baseball bat, tennis racquet, boxing glove, or other piece
ol sports equipment.

[0141] In order to provide the most detailed signal, high
sample rates and high full scale ranges can be used. In one
embodiment, a sample rate of 1 kHz can be used in order to
provide detailed data describing a very fast movement, such
as a golt swing. Since this 1s a very fast rate of data recording,
the data recorded may normally be only 100 Hz or 200 Hz of
data unless the user 1s detected as performing a very high
energy movement, 1n which case all the 1 kHz data 1s
recorded. In another embodiment, 1n which only a casual

sports analysis 1s necessary, the entire data rate may always be
lower, such as 100 Hz or 200 Hz.

[0142] Gyroscope and accelerometer data can both be
recorded, along with other sensor data if 1t 1s available, such as
compass data. The sensor data available can be passed
through a sensor fusion algorithm in order to derive the most
usetul physical parameters, such as rotation matrix and linear
acceleration. The data recorded and processed may be
mapped to a 3D model in order to give the user a view of the
motion performed during training.

[0143] The motion may also be matched to prerecorded
motion performed by professional athletes, 1n order to deter-
mine 11 the motion was performed correctly. In some embodi-
ments, such matching can be accomplished using algorithmic
methods currently used for voice recogmition. The matching,
can be performed using raw data, but may also be performed
using processed data at the output of the sensor fusion algo-
rithm, such that useful physical parameters are being matched
rather than raw data. After matching, thresholds in timing or
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amplitude can be used to determine how the user’s movement
1s different than the professional athlete’s movement.

Gaming Applications

[0144] Handheld gaming systems can be improved with the
user of gyroscopes and accelerometers. While accelerometers
exist 1n some handheld gaming devices, gyroscopes can be
added 1n order to decrease the latency of detected continuous
movement, and increase the richness of gestures that can be
used with the gaming systems.

[0145] Inone embodiment, the gyroscopes and acceleroms-
cters can be combined 1n a sensor fusion algorithm in order to
provide a rotation matrix, quaternion, or Euler angle repre-
sentation of the devices orientation 1n space. This orientation
can be mapped directly or with constraints to a virtual world
shown 1n the display of the device. For example, orienting the
device differently can provide the user with a different view of
the virtual world. Linear acceleration can be extracted in
order to provide a representation of the linear movement of
the device 1n space. Transient linear movements can also be
applied to physical gaming models displayed in the device.
Sensor fusion algorithms can also blend the inertial sensor
data with an on board camera, compass, or other motion
SENSOr.

[0146] The eclement selection techniques previously
described that utilize roll, pitch, yaw, or circular device move-
ment, could also be applied to gaming systems, in which the
clements to be selected and mamipulated can be 1items within
a game. Similarly, the gesture recognition applications
described previously can be used to select elements or trigger
events within a game system.

[0147] In one embodiment, a driving, flying, skiing, or
other game involving steering could be controlled using gyro-
scopes and accelerometers. The sensor fusion algorithm that
combines gyroscopes and accelerometer can output a gravity
vector that determines which way the direction “down” 1s,
relative to the device. By rotating the device relative to the
gravity vector, a steering motion can be used to control a
game. While this 1s possible without gyroscopes, using only
accelerometers typically results 1n a control signal that 1s
either noisy or has high latency, making fast fluid control of a
game difficult. Using only gyroscopes provides a low latency
signal that 1s easy to control, but may have drift. Using the
output of the sensor fusion algorithm allows the steering
signal to be low latency, low noise, and low driit. The steering
mechanism does not necessarily need to be relative to gravity,
but can be relative to a starting point chosen by the user. For
example, when starting the game, the direction of the device
held by the user could be recorded and used as a reference for
all future movement.

[0148] In one embodiment, a 3D game can combine these
steering concepts with the virtual world concepts. One or
more degrees of freedom can be used as control signals for
steering, while one or more degrees of freedom are mapped
directly to 3D graphics representing a virtual world. As an
example, a flying game can be constructed that uses pitch and
yaw 1n order to steer the vehicle, and roll 1s mapped directly
to rolling the user’s field of view.

[0149] Discrete gesture recognition can be combined with
continuous gesture movement to make the games more inter-
esting. For example, 1n games that are primarily controlled by
steering, discrete gestures can be added 1n order to perform
certain functions. Shaking the device may cause a simulated
vehicle to shift gears or perform stunts or tricks, for example.
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[0150] The sports analysis and traiming applications previ-
ously described can also apply to sports games as performed
on mobile devices. In another embodiment, real-time gesture
recognition can be used to detect sports related movements in
order to allow a user to play a sports game. This gesture
recognition would optimally be done on physical parameters
output by the sensor fusion algorithm, rather than raw data.

Power Management

[0151] Themotion sensors in the device may also be used to
control the power management of the system. For example, 1f
it 1s determined from the motion sensors that the device has
been stationary for a long time (and the device i1s not in a
dedicated media playing mode or some other active or pre-
dicted data processing state) then the device may enter alower
power state such as a sleep mode.

[0152] In some cases it may be desirable to save power by
power cycling the sensors. For example, this usage can
depend on the mode of the device and the state of a motion
function trigger button. For example, in the icon selection
example, 11 the button 1s not depressed, then the motion sen-
sors may be powered down to conserve power. Pressing the
button may cause the sensors to power up before motion
sensing begins. If some background motion sensing 1s
required, then the motion sensors may be duty cycled when
the button 1s not depressed. For example, when the button 1s
not depressed, the gyroscopes may alternate between being
off for 1 second and on for 0.1 seconds. When the button i1s
depressed, the gyroscope may be turned on to full power, and
used to control the device. Alternatively, the gyroscope may
still be duty cycled when the button 1s depressed, but at a
faster rate than when the button 1s not pressed; for example,
off for 5 ms and on for 5 ms.

Applications using a Motion Function Trigger

[0153] As described herein, device motion can be used 1n
combination with input detected from an input control device
of the motion sensing device 10. The mput control provides
an 1ndication for the device to detect gestures during device
motion intended by the user for gesture input. For example,
one or more buttons, switches (mechanical, optical, mag-
netic, etc.), knobs, wheels, dials, or other mput control
devices, all referred to herein as a “motion function trigger”
(also denoted “MFT1”) 36 (as shown in FIG. 2), can be pro-
vided on the housing of the motion sensing device 10, which
the user can push or otherwise activate. For example, one or
more buttons, such as buttons 8 and 9 shown in FIG. 1 on the
side of the device for convenient access by the user, can be
used as motion function triggers. A hardware control can be
used (1implemented via a mechanical device, tactile sensor,
pressure sensor, capacitance sensor, infrared sensor, proxim-
1ty sensor, magnetic sensor or any other type of sensor that can
detect an external iteraction), or a soltware/displayed con-
trol (e.g. a displayed button or control on a touchscreen) can
be used as the motion function trigger.

[0154] In some embodiments, a combination of motion
function triggers could be used to achieve the effects
described herein for a single motion function trigger. In some
embodiments, the eflect of a motion function trigger can be
inferred from the way 1n which a user holds a device, includ-
ing the pressure placed on the device at various points (which
could be determined, for example, via mechanical sensors,
capacitance sensors, or other sensors capable of directly or
indirectly detecting pressure placed on the surface of a device
or screen), the number of fingers placed on the device, the
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distribution of the grip used to hold the device, and from any
other aspects of the physical interaction between a user and a
device. In one embodiment, the proximity of a user’s hand or
body presence to the device can be used to enter into a motion
function trigger mode, even 1n the absence of direct physical
contact. In one embodiment, the effect of a motion function
trigger can be mapped to a set of movements of the device,
including taps, shakes or other gestures. The number of and
nature of such movements that trigger the effect of a motion
function trigger could be predefined, or could be dynamically
inferred based on the then-active application, device context,

nature of motion of the device, or any other factors.

[0155] The motion function trigger on the device can be
used to determine whether the device 1s in a “motion mode™ or
not. When the device 1s in a motion mode, the processor or
other controller 1n the device 10 can allow motion of the
device to be detected to modity the state of the device, e.g.,
detected as a gesture. For example, when the motion function
trigger 1s 1n 1ts 1nactive state, e.g., when not activated and held
by the user, the user moves the device naturally without
modifying the state of the device. However, while the motion
function trigger 1s activated by the user, the device 1s moved to
modily one or more states of the device. The modification of
states of the device can be the selection of a function and/or
the execution or activation of a function or program. For
example, a function can be performed on the device 1n
response to detecting a gesture from motion data recerving
while 1n the motion mode. The device exits the motion mode
based on a detected exit event. For example, in this embodi-
ment, the exit event occurs when the motion function trigger
1s released by the user and the activation signal from the
motion function trigger 1s no longer detected. In some
embodiments, the modification of states of the device based
on the motion data only occurs after the motion mode has
been exited, e.g., alter the button 1s released 1n this embodi-
ment. When not 1n the motion mode, the device (e.g. proces-
sor or other applicable controller 1n the device) ignores 1nput
sensed motion data for the purposes of motion gesture recog-
nition. In some embodiments, the sensed motion data can still
be 1nput and used for other functions or purposes, such as
computing a model of the orientation of the device as
described previously; or only particular predetermined types
ol gestures or other motions can still be input and/or recog-
nized, such as a tap gesture which 1n some embodiments may
not function well when used with some embodiments of a
motion function trigger. In other embodiments, all sensed
motion data 1s 1gnored for any purposes when not in motion
mode, e.g., the sensors are turned off. For example, the release
ol the button may cause a detected spike 1n device motion, but
this spike occurs aiter release of the button and so 1s 1gnored.

[0156] The operation of a motion mode of the device can be
dependent on the operating mode of the device. For example,
the activation of a motion function trigger to enter motion
mode may be required for the user to mput motion gestures
while the device 1s 1n some operating modes, while 1n other
operating modes of the device, no motion function trigger
activation 1s required. For example, when 1n an 1image display
operating mode which allows scrolling a set of 1images or
other objects across a display screen 16a of the device based
on movement of the device, the activation of a motion mode
may be required (e.g., by the user holding down the motion
function trigger). However, when 1n a telephone mode 1n
which the user can make or answer cell phone calls, no motion
mode activation or motion function trigger activation need be
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required for the user to mput motion gestures to answer the
phone call or perform other telephone functions on the device
10. In addition, different operating modes of the device 10 can
use the motion function trigger and motion mode 1n different
ways. For example, one operating mode may allow motion
mode to be exited only by the user deactivating the motion
function trigger, while a different operating mode may allow
motion mode to be exited by the user mputting a particular
motion gesture.

[0157] In some embodiments, the motion function trigger
need not be held by the user to activate the motion mode of the
device, and/or the exit event 1s not the release of the motion
function trigger. For example, the motion function trigger can
be “clicked,” 1.e., activated (e.g., pressed) and then released
immediately, to activate the motion mode that allows device
motion to modily one or more states of the device. The device
remains in motion mode after the motion function trigger 1s
clicked. A desired predefined exit event can be used to exit the
motion mode when detected, so that device motion no longer
modifies device states. For example, a particular shake ges-
ture can be detected from the motion data, from motion pro-
vided by the user (such as a shake gesture having a predeter-
mined number of shakes) and, when detected, exits motion
mode. Other types of gestures can be used 1n other embodi-
ments to exit the motion mode. In still other embodiments, the
ex1t event 1s not based on user motion. For example, motion
mode can be exited automatically based on other criteria,
such as the completion of a detected gesture (when the gesture
1s detected correctly by the device).

Input Device

[0158] The hand-held device 10 can also be used to trace
out a trajectory in the air in order to provide input to an
external system and act as an input device, where the input 1s
based on the movement or position of the device 10 1n the arr.
The trajectory of the hand-held device 10 can be obtained, for
example, by integrating two gyroscopes sensing different
axes of the device, such as the pitch and yaw gyroscopes.
Alternatively, this trajectory can be obtained from pitch and
yaw movement relative to gravity, dertved from all the gyro-
scopes and accelerometers (e.g., three gyroscopes and three
accelerometers) at the output of a sensor fusion algorithm
(e.g. using model equations such as those described 1n
copending U.S. patent application Ser. No. 12/252,322,
incorporated herein by reference). This trajectory can be used
in conjunction with existing cursor control software, or with
handwriting recognition software that was designed origi-
nally for mouse, stylus, or touchscreen applications.

[0159] Inone embodiment, the trajectory can be wirelessly
transmitted to an external device, such as a computer device
or electronic entertamnment system. The trajectory can be
used 1n conjunction with a button or other control to control a
cursor displayed on a display screen that directly controls the
PC or entertainment system. Or the trajectory mnput can con-
trol a different displayed object or view on a display screen of
the other device.

[0160] In another embodiment, the software can run
entirely on the handheld device 10 without providing input to
another device. The trajectories can be interpreted as charac-
ters using existing handwriting recognition software that was
designed for stylus or touchscreen devices.

[0161] An embodiment of the present invention provides a
handheld electronic device that comprises a subsystem pro-
viding display capability. The mobile handheld electronic
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device could be any type of electronic device that can be
moved by auser while being held 1n the user’s hand, including
device 10 shown 1n FIG. 2. In some embodiments, the device
may be attached to, integrated in, or otherwise physically
coupled to an external extension. The extension may be a
game instrument (e.g., a tennis racket, baseball bat, goli club,
gun or other weapon) suitable for use 1n a video game context,
a pointing device suitable for physical metrology, surveying
or similar applications, or any other type of physical device
that can benefit from the functionality of the device. The
extension itself may be a physical handle with no processing
capability of 1ts own, or may have data processing capability
that 1s at least partially complementary or overlapping with
the functionality of the device.

[0162] In one implementation, the subsystem providing
display capability 1s a display attached to the device. The
display may be integrated in the device and substantially
immovable relative to the device. In an alternative implemen-
tation, the device may be attached to the device and may be
extended away from the device, rotated with respect to the
device, tilted with respect to the device, or otherwise movable
with respect to a portion of the device. Examples of such
displays include any cathode ray tube (CRT), storage tube,
bistable display, electronic paper, nixie tube display, vector
display, flat panel display, vacuum fluorescent display (VF),
light-emitting diode (LED) display, ELD display, plasma dis-
play panel (PDP), liquid crystal display (LCD), HPA display,
thin-film transistor display (TFT), organic light-emitting
diode displays (OLED), surface-conduction electron-emitter
display (SED), laser display, carbon nanotube display, nanoc-
rystal display, quantum dot-based display, or any combina-
tion of the foregoing that could be implemented or otherwise
used 1 connection with a handheld device.

[0163] In one embodiment, the subsystem providing dis-
play capability includes a set of modules capable of produc-
ing an image substantially adapted for display on an external
display. The modules could include hardware logic, software
logic, or a combination of hardware and software. The image
could be any static, dynamic or multimedia signal, including
text, pictures and video. Logic for producing images 1s well
known 1n the art, including video and 1mage signal genera-
tion, video and 1mage compression, video and 1image encod-
ing, and video and 1image transmission over a variety of wire-
less or wired media. The 1mage produced by the set of
modules may be substantially complete and ready for display
on an external display, or may need additional processing
prior to bemng displayed on the external display (e.g., the
image may include data output from the device, but may need
additional display-specific video signal imnformation that is
necessary for proper display on a specific external display).

[0164] In one embodiment, the subsystem providing dis-
play capability includes a set of modules capable of project-
Ing an 1mage on a screen (e.g., an optical projector system
forming a 2D 1mage on a screen, a board, a wall or any other
surface capable of displaying an 1mage), or 1n space (e.g., a
3D or holographic image).

[0165] Inoneimplementation, the device further includes a
set of motion sensors sensing rotational rate around at least
three axes and linear acceleration along at least three axes. In
one embodiment, the set of motion sensors sensing rotational
rate around at least three axes consists of three sensors, but in
other embodiments there can be four, five, six or any other
number of such sensors. In one embodiment, the motion
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sensors sensing rotational rate are gyroscopes. In various
embodiments, there may be three, four, five, six, or any other
number of gyroscopes.

[0166] The motion sensors sensing rotational rate may be
implemented using a variety of technologies, including Micro
Electro Mechanical Systems, piezoelectric, hemispherical
resonator, tuning fork, quartz, carbon nanotubes, any other
technology capable of producing devices that can sense
motion of a rotational nature, or any combination of the
foregoing.

[0167] In one embodiment, the set of motion sensors sens-
ing linear acceleration consists of three sensors, but 1n other
embodiments there could be four, five, six or any other num-
ber of such sensors. In one embodiment, the motion sensors
sensing linear acceleration are accelerometers. In various
embodiments, there may be three, four, five, six, or any other
number of accelerometers. Accelerometers are widely known
in the art and can be implemented using any known acceler-
ometer manufacturing technology, any other technology
capable of producing devices capable of sensing acceleration,
or any combination of the foregoing.

[0168] In one embodiment, the set ol motion sensors sens-
ing rotational rate around at least three axes and linear accel-
cration along at least three axes are integrated in a single
module. In one implementation, the module 1s integrated 1n a
single package, or otherwise enclosed 1n a single package.
The single package module could consist of a single chip, or
could include multiple individual devices that are integrated
together 1n a common package. Examples of such multiple
individual devices that may be integrated together 1n a com-
mon package include two or more dies that are attached to
cach other or otherwise integrated together, a printed circuit
board (possibly including additional circuitry), a system on a
chip (SOC), or any other combination of devices.

[0169] FIG. 9A illustrates a block diagram of one embodi-
ment of a portion 300 of a motion sensing system for a
handheld electronic device, including examples of the mod-
ule and subsystems. In one embodiment, the module 302
comprises a first subsystem 304 that includes the motion
sensors sensing rotational rate (shown as gyroscopes in the
example of FIG. 9A), and a second subsystem 306 that
includes the motion sensors sensing linear acceleration
(shown as accelerometers 1n the example of FIG. 9A). In one
implementation, the first subsystem 304 1s coupled to the
second subsystem 306 via a sub-module data bus 308. The
sub-module bus 308 could be a local data bus that facilitates
communications between the two subsystems, and between
the individual sensors included 1n the two subsystems. Such
communications may include motion data generated by the
sensors, istructions for the sensors (e.g., directions to power
down for power conservation, directions to power up, direc-
tions to adjust operation, etc.), and any other sensor-related
data or data relating to the operation or functionality of the
subsystems or sensors. The motion data generated by the
sensors and transmitted via the sub-module data bus 308 may
be preprocessed (1.e., synchronized among the multiple sen-
sors 1n time) or raw (1.€., raw data could be made available to
an external processor for separate processing, whether by
itsell or 1n addition to the preprocessed data). In one embodi-
ment, synchronization in time of the motion data produced by
any two or more of the sensors 1s important to ensure that the
information recerved from the sensors 1s indeed representa-
tive of the state of the device and nature of motion at any
particular point in time.
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[0170] Thesub-module data bus 308 could be implemented
using any wired or wireless communication technology,
including electrical transmissions (e.g., serial, parallel, or
packet-based communications), optical transmissions (e.g.,
optical fiber, optical switching matrix, optical free-space
transmissions), or wireless transmissions (e.g., ultra-wide-
band, local wireless network, Bluetooth). The protocols used
on the sub-module data bus could 1include standard protocols
(e.g., 12¢), or may be a proprietary protocol (possibly
encrypted).

[0171] Inoneembodiment, all motion sensors sensing rota-
tional rate are integrated in the first subsystem 304, and all
motion sensors sensing linear acceleration are integrated in
the second subsystem 306. In alternative embodiments, the
module could comprise additional subsystems. In one 1imple-
mentation a first subsystem includes one motion sensor sens-
ing rotational rate, a second subsystem includes at least two
motion sensors sensing rotational rate, and a third subsystem
includes at least three motion sensors sensing linear accelera-
tion. In alternative embodiments, the at least three motion
sensors sensing linear acceleratlon in the third subsystem
could be distributed among two subsystems. In one embodi-
ment, additional subsystems could be added to include addi-
tional motion sensors sensing rotational rate, and/or addi-
tional motion sensors sensing linear acceleration. In one
embodiment, all such subsystems included 1n the module are
connected to a sub-module data bus. In an alternative embodi-
ment, one or more subsystems are not connected directly to
the sub-module data bus. For purposes of this description, a
subsystem 1s considered to be connected to the sub-module
data bus even though builers or other circuitry may be inter-
posed between the subsystem and the sub-module data bus, as
long as the subsystem 1s capable of sending and recerving data
via the sub-module data bus to another device connected to
the sub-module data bus (as opposed to having to route such
data via an external data bus to the device).

[0172] In one embodiment, the module (e.g., module 302)
that includes the set of motion sensors 1s capable of substan-
tially synchronizing in time motion data produced by SOmMe Or
all sensors. In one embodiment, the module builers such
motion data, e.g. using buffers 305 in the module, and makes
it available to any other device that may utilize the data.
Examples of such other devices can include an external pro-
cessor or an external application, such as application proces-
sor 310 and/or an application running on that processor. In
one embodiment, the module includes data processing logic
307 (whether hardware, software, firmware or a combination
ol the foregoing) that can processes internally the motion data
produced by the motion sensors, thereby possibly reducing
processing requirements outside the module. The logic 307
can use memory 309 internal or external to the logic for the
processing, 1n some embodiments. In various implementa-
tions, the module may further include one or more processors,
DSPs, memory, and any other circuitry. The data processing
logic 307 and/or other processing components can be
included 1n one or more of the sensor subsystems, or partially
or completely provided elsewhere in the module 302 outside
the sensor subsystems and connected via appropriate buses to
the subsystems and/or to the external bus(es) 312.

[0173] In one embodiment, the module 302 1s coupled to
one or more external device buses 312, which facilitate com-
munications between the module and external devices to the
module, such as other components of the handheld device.
One example 1s shown 1 FIG. 9A, where an application
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processor 310 1s connected to an external device bus 312. For
some types ol external devices buses, devices such as power
management device 311 and/or other peripheral devices can
be connected. In some embodiments, memory 314, interface
devices 316 (input and/or output devices, circuits, and/or
components), and a display 318 are some of examples of
components of the handheld device that can communicate
over the external device bus 312. In some embodiments,
particular devices may alternatively, or additionally, have
their own dedicated buses to the application processor 310 or
other components, such as buses 315 shown as dashed lines 1n
FIG. 9A to components such as a display 318 and memory
314, or a separate bus as shown 1n FIG. 2. In some embodi-
ments, some of the depicted connections may not be present
(e.g., the application processor 310 may connect to a compo-
nent via the shared external bus 312, via a separate bus, or via
a combination of shared and separate buses). One example of
an external device bus 1s a bus according to the 12C standard,
but any other type or standard of communication bus can
alternatively or additionally be used. In one embodiment of
FIG. 9A, the subsystems 304 and 306, and the sub-module
bus 308 are 1solated from the external device bus 312, and
may communicate with the external device bus only via other
components such as processing logic 307 or other compo-
nent.

[0174] FIG. 9B illustrates another implementation 330, 1n
which one or more of the subsystems included in the module
(such as subsystems 304 and 306) are directly connected to
one or more main external device buses 312. In this imple-
mentation, the sub-module data bus 308 may be 1solated from
the external device buses 312 as shown (but possibly capable
of communicating with an external device bus via a sub-
system connected to such external device bus). Alternatively,
the sub-module data bus 308 may be directly connected to one
or more external device buses.

[0175] FIG. 9C illustrates another implementation 350, 1n
which the sub-module data bus 308 1s connected to one or
more external device buses 312, while none of the subsystems
included 1n the module (such as subsystems 304 and 306) are
directly connected to any external device buses or other exter-
nal devices. In this case, for example, the subsystems could
communicate with external devices (such as application pro-
cessor 310) via the sub-module data bus 308 and external
device buses 312.

[0176] In one embodiment, one or more of the subsystems
included 1n the module have the ability to pass data directly to
the external bus from some or all of the motion sensors,
possibly with no synchronization, no buflering, or no other
motion data pre-processing.

[0177] In an embodiment, the handheld device includes a
subsystem which, based on motion data dertved from at least
one of the motion sensors, 1s capable of facilitating interac-
tion with the device. The subsystem may include logic for
interpreting motion data that 1s received from the set of
motion sensors, and could be implemented 1n hardware, soft-
ware, firmware, or a combination of the foregoing. The sub-
system may recerve motion data from one, all, or any subset of
the motion sensors at any particular time. The subsystem 1s
then capable of facilitating interaction with the device by
interpreting motion data and transposing 1t into commands or
other input that could be understood by software, hardware or
other logic integrated in the device. Examples of interactions
with the device based on motion data produced by motion
sensors are provided throughout this patent 1n connection
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with various embodiments, including, for example, move-
ment of a visual indicator on the screen in response to move-
ment of the device, selection of visual elements 1in response to
movement of the device, activation of applications or other
features of the device 1n response to movement of the device,
and so on. The recerved motion data can be processed using
one or more ol various processing techniques, and interpreted
and/or prepared for or prepared to be acted upon other com-
ponents of the handheld device. For example, copending U.S.

patent application Ser. Nos. 11/774,488, 12/106,921, and
12/252,322, incorporated herein by reference 1n their entire-
ties, describe various techniques and systems for processing
and/or providing augmented sensor data, interpreting data
and recognizing gestures or commands 1n the sensor data, and
providing prepared data to an operating system, application,
application processor or other component or software of the
device, any or all of which can be used 1n the embodiments
disclosed herein where applicable.
[0178] In one embodiment, the interaction with the device
includes movement of a visual indicator, selection of a visual
clement, or movement of a visual element along a path on the
display 1n response to rotation of the device along at least two
of the following: a roll, pitch or yaw axis. In this embodiment,
the path on the display could be a linear direction (in any
orientation on the display, whether horizontal, vertical, diago-
nal or otherwise), a curved direction (including any circular,
parabolic, ellipsoid or other curved line), a segmented direc-
tion (which may include any combination of linear directions
and curved directions), a freeform direction, or any combina-
tion of the foregoing. In a three dimensional display, image,
object or set of visual elements, the directions described
above could be parallel with the display (i.e., 1n the plane of a
conventional 2D display), vertical with respect to the surface
of the display (i.e., in or out of the plane of a conventional 2D
display), or oblique with respect to the plane of a conventional
2D display (i.e., 1n or out of the plane of a convention 2D
display, at an arbitrary angle with the plane).
[0179] In one embodiment, the interaction with the device
includes rotation of a visual element on the display 1n two or
three dimensions 1n response to rotation of the device along at
least one of a roll, pitch or yaw axis.
[0180] In one embodiment, the handheld device includes a
motion function trigger which can be used to augment the
operation of a subsystem capable of facilitating interaction
with the device. In one implementation, when a user activates
or deactivates the motion function trigger, the motion func-
tion trigger produces a signal which alters the state, context or
operation of the subsystem capable of facilitating interaction
with the device (e.g., activating or deactivating a particular
function on the device, activating or deactivating some or all
of the subsystem capable of facilitating interaction with the
device).
[0181] Although the present invention has been described
in accordance with the embodiments shown, one of ordinary
skill 1n the art will readily recognize that there could be
variations to the embodiments and those vanations would be
within the spirit and scope of the present invention. Accord-
ingly, many modifications may be made by one of ordinary
skill 1n the art.

What 1s claimed 1s:

1. A handheld electronic device, the device comprising:

a subsystem providing display capability;

a set of motion sensors sensing rotational rate around at

least three axes and linear acceleration along at least
three axes; and
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a subsystem which, based on motion data derived from at
least one of the motion sensors, 1s capable of facilitating
interaction with the device.

2. The electronic device of claim 1, wherein the motion
sensors sensing rotational rate are gyroscopes and the motion
sensors sensing linear acceleration are accelerometers.

3. The electronic device of claim 1, wherein the motion
sensors sensing rotational rate are implemented based on one
or more of the following technologies: Micro Electro
Mechanical Systems, piezoelectric, hemispherical resonator,
tuning fork, quartz, carbon nanotubes.

4. The electronic device of claim 1, wherein the subsystem
providing display capability consists of one of the following;:

a display attached to the device;

a set ol modules capable of producing an 1image substan-
tially adapted for display on an external display; or

a set ol modules capable of projecting an 1mage.

5. The electronic device of claim 1, wherein the subsystem
providing display capability includes a display attached to the
device, and wherein the interaction with the device includes
movement of a visual indicator on the display.

6. The electronic device of claim 1, wherein the subsystem
providing display capability includes a display attached to the
device, and wherein the interaction with the device includes
interaction with a visual element displayed on the screen.

7. The electronic device of claim 6, wherein the interaction
with the visual element consists of one or more of the follow-
ing: selecting the element, highlighting the element, opening
the element, moving the element, reordering the element 1in a
list of elements, or starting an application associated with the
clement.

8. The electronic device of claim 1, wherein the interaction
with the device includes interaction with an application.

9. The electronic device of claim 1, wherein the subsystem
providing display capability includes a display attached to the
device, and wherein the interaction with the device consists of
one or more of the following;:

movement of a cursor on the display 1n response to move-
ment of the device;

selection of a menu 1n response to movement of the device;

activation of a menu in response to movement of the
device;

selection of an item included 1n a menu 1 response to
movement of the device;

activation of an item included 1n a menu in response to
movement of the device;

selection of an element shown on the display in response to
movement of the device;

activation of an element shown on the display 1n response
to movement of the device;

starting an application through an application-related ele-
ment shown on the display 1n response to movement of
the device:

switching between at least two applications 1n response to
movement of the device;

interaction with an application through an application-re-
lated interface shown on the display in response to
movement of the device; or

exiting an application in response to movement of the
device.

10. The electronic device of claim 1, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device consists of one or more of the following:
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movement of a visual indicator on the screen 1n a substan-
tially-linear direction 1n response to rotational move-
ment of the electronic device about one of the following:
a roll, pitch or yaw axis of the electronic device;

selection of a visual element on the screen 1n a substan-
tially-linear direction in response to rotational move-
ment of the electronic device about one of the following:
a roll, pitch or yaw axis of the electronic device;

movement of a visual element on the screen 1n a substan-
tially-linear direction in response to rotational move-
ment of the electronic device about one of the following:
a roll, pitch or yaw axis of the electronic device;

movement of a visual indicator on the screen along a seg-
mented, freeform or curved path in response to rotation
of the device along at least two of the following: a roll,
pitch or yaw axis of the electronic device;
selection of a visual element on the screen along a seg-
mented, freeform or curved path in response to rotation
of the device along at least two of the following: a roll,
pitch or yaw axis of the electronic device; or

movement of a visual element on the screen along a seg-
mented, freeform or curved path in response to rotation
of the device along at least two of the following: a roll,
pitch or vaw axis of the electronic device.

11. The electronic device of claim 1, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device includes rotation of a visual element on the display 1n
two or three dimensions 1n response to rotation of the device
along at least one of a roll, pitch or yaw axis.

12. The electronic device of claim 1, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device consists of one or more of the following:

panning an 1mage on the display 1n response to movement

of the device;

zooming an 1mage on the display in response to movement

of the device;

zooming a camera application running at least partially on

the device 1n response to movement of the device;
changing a page on the display 1n response to movement of
the device;

adjusting the location of at least one element on the display

in response to movement of the device, wherein the at
least one element 1s part of an array;

navigating to amenu screen in response to movement of the

device;

selecting a key on a keypad displayed on the display in

response to movement of the device;

selecting a key on a telephone dial pad displayed on the

display 1n response to movement of the device;

selecting a character corresponding to the identify of a

contact in response to movement of the device;
initiating a telephone call in response to movement of the
device;

terminating a telephone call 1n response to movement of

the device:

recognizing a character in response to movement of the

device;

recognizing a plurality of characters in response to move-

ment of the device;

displaying an element on the display as part of an auto-

complete operation 1n response to movement of the
device;
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rotating a map on the display 1n response to movement of
the device:

zooming a map on the display in response to movement of
the device;

panning a map on the display in response to movement of
the device;

tilting a map on the display 1n response to movement of the
device;

scrolling through a set of elements, wherein at least one
clement included 1n the set of elements 1s displayed on
the display, in response to movement of the device;

interpreting a movement of the device depending on a
context of the device;

switching orientation of an 1mage on the display between
portrait and landscape modes 1n response to movement
of the device;

activating an application in response to movement of the
device, where the movement corresponds to switching
between two different orientations;

providing visual, audio or vibration feedback 1n connection
with interpretation of a movement of the device;

authenticating a user based on movement of the device;

transposing movement ol the device into a tangible authen-
tication mark;

controlling an external system based on movement of the
device;

authorizing a commercial transaction based on movement
of the device;

measuring caloric expenditure of a user based on move-
ment of the device;

assessing a sports-related motion based on movement of
the device;

counting a sports-related motion based on movement of the
device:

assessing a game-related motion based on movement of the
device:

controlling a power-saving feature ol the device based on at
least one of the following: orientation of the device,
movement of the device, or absence of movement of the
device; or

recognizing an instruction to be transmitted to an external
system based on movement of the device.

13. The electronic device of claim 1, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device consists of one or more of the following:

triggering a function 1n response to a set of taps applied to
the device;

displaying a symbol 1n response to a set of taps applied to
the device to provide visual feedback relating to the tap;

triggering a function of the device in response to a set of
shakes applied to the device; or

displaying a symbol in response to a set of shakes applied
to the device to provide visual feedback relating to the
tap.

14. A handheld electronic device, the device comprising:

a display attached to the device;

a set ol motion sensors sensing rotational rate around at
least three axes and linear acceleration along at least
three axes, where the motion sensors are integrated 1n a
single module; and

a subsystem which, based on motion data derived from at
least one of the motion sensors, 1s capable of facilitating
interaction with the device.
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15. The electronic device of claim 14, wherein the module
1s 1n a single package.

16. The electronic device of claim 14, wherein the module
comprises a first subsystem and a second subsystem, the first
subsystem comprising the motion sensors sensing rotational
rate, the second subsystem comprising the motion sensors
sensing linear acceleration, and wherein the first subsystem 1s
coupled to the second subsystem via a sub-module data bus.

17. The electronic device of claim 14, wherein the module
comprises a first subsystem and a second subsystem, the first
subsystem comprising the motion sensors sensing rotational
rate, the second subsystem comprising the motion sensors
sensing linear acceleration, wherein the first subsystem 1s
coupled to the second subsystem via a sub-module data bus,
and wherein sub-module data bus 1s 1solated from an external
device bus connecting the module to at least one external
device of the electronic device.

18. The electronic device of claim 14, wherein the module
comprises a first subsystem, a second subsystem and a third
subsystem, the first subsystem comprising at least one motion
sensor sensing rotational rate, the second subsystem compris-
ing at least two motion sensors sensing rotational rate, and the
third subsystem comprising the motion sensors sensing linear
acceleration, and wherein the first, second and third sub-
systems are coupled to a sub-module data bus.

19. A storage medium including a software program, the
soltware program capable of running at least partially on a
handheld electronic device,

wherein the device comprises:

a subsystem providing display capability; and

a set of motion sensors sensing rotational rate around at
least three axes and linear acceleration along at least
three axes; and

wherein the software program 1s capable of facilitating

interaction with the device based on motion data dertved
from at least one of the motion sensors.

20. The storage medium of claim 19, wherein the software
program 1s an operating system running on the handheld
electronic device.

21. The storage medium of claim 19, wherein the software
program 1s a software application running on the handheld
clectronic device.

22. A set of motion sensors sensing rotational rate around at
least three axes and linear acceleration along at least three
axes, wherein:

the motion sensors are capable of being integrated in a
handheld electronic device; and

wherein the device comprises:
a subsystem providing display capability; and
a subsystem which, based on motion data derived from

at least one of the motion sensors, 1s capable of facili-
tating interaction with the device.

23. The electronic device of claim 22, wherein the motion
sensors sensing rotational rate are gyroscopes and the motion
sensors sensing linear acceleration are accelerometers.

24. The electronic device of claim 22, wherein the motion
sensors sensing rotational rate are implemented based on one
or more of the {following technologies: Micro Electro
Mechanical Systems, Piezo-Electric, quartz, or carbon nano-
tubes.

25. A handheld electronic device, the device comprising:
a subsystem providing display capability;
a motion function trigger:;
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a set ol motion sensors sensing rotational rate around at
least three axes and linear acceleration along at least
three axes; and

a subsystem which, based on motion data derived from at
least one of the motion sensors, 1s capable of facilitating
interaction with the device.

26. The electronic device of claim 25, wherein the sub-
system providing display capability consists of one of the
following;:

a display attached to the device;

a set ol modules capable of producing an 1image substan-

tially adapted for display on an external display; or

a set ol modules capable of projecting an 1mage.

27. The electronic device of claim 25, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device includes movement of a visual indicator on the display.

28. The electronic device of claim 25, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device includes interaction with a visual element displayed on
the screen.

29. The electronic device of claim 28, wherein the interac-
tion with the visual element consists of one or more of the
following 1n response to a signal recerved from the motion
function trigger: selecting the element, highlighting the ele-
ment, opening the element, moving the element, reordering
the element 1n a list of elements, or starting an application
associated with the element.

30. The electronic device of claim 25, wherein the interac-
tion with the device includes interaction with an application
in response to a signal received from the motion function
trigger.

31. The electronic device of claim 25, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device consists of one or more of the following 1n response to
a signal received from the motion function trigger:

movement of a cursor on the display 1n response to move-
ment of the device;

selection of a menu 1n response to movement of the device;

activation of a menu in response to movement of the
device;

selection of an item included 1n a menu 1 response to
movement of the device;

activation of an item included 1n a menu in response to
movement of the device;

selection of an element shown on the display in response to
movement of the device;

activation of an element shown on the display 1n response
to movement of the device;

starting an application through an application-related ele-
ment shown on the display 1n response to movement of
the device:

switching between at least two applications 1n response to
movement of the device;

interaction with an application through an application-re-
lated interface shown on the display in response to
movement of the device; or

exiting an application in response to movement of the
device.

32. The electronic device of claim 25, wherein the sub-

system providing display capability includes a display
attached to the device, and wherein the interaction with the
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device consists of one or more of the following 1n response to
a signal recerved from the motion function trigger:
movement of a visual indicator on the screen 1n a substan-
tially-linear direction 1n response to rotational move-
ment of the electronic device about one of the following:
a roll, pitch or yaw axis of the electronic device;
selection of a visual element on the screen 1n a substan-
tially-linear direction 1n response to rotational move-
ment of the electronic device about one of the following:
a roll, pitch or yaw axis of the electronic device;
movement of a visual element on the screen 1n a substan-
tially-linear direction in response to rotational move-
ment of the electronic device about one of the following:
a roll, pitch or yaw axis of the electronic device;
movement of a visual indicator on the screen along a seg-
mented, freeform or curved path in response to rotation
of the device along at least two of the following: a roll,
pitch or vaw axis of the electronic device;
selection of a visual element on the screen along a seg-
mented, freeform or curved path in response to rotation
of the device along at least two of the following: a roll,
pitch or yaw axis of the electronic device; or

movement of a visual element on the screen along a seg-
mented, freeform or curved path in response to rotation
of the device along at least two of the following: a roll,
pitch or yaw axis of the electronic device.

33. The electronic device of claim 25, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device includes rotation of a visual element on the display 1n
two or three dimensions 1n response to rotation of the device
along at least one of a roll, pitch or yaw axis and in response
to a signal recerved from the motion function trigger.

34. The electronic device of claim 25, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device consists of one or more of the following 1n response to
a signal recerved from the motion function trigger:

panning an image on the display 1n response to movement
of the device;

zooming an 1mage on the display in response to movement
of the device;

zooming a camera application running at least partially on
the device 1n response to movement of the device;

changing a page on the display 1n response to movement of
the device;

adjusting the location of at least one element on the display
in response to movement of the device, wherein the at
least one element 1s part of an array;

navigating to a menu screen in response to movement of the
device;

selecting a key on a keypad displayed on the display in
response to movement of the device;

selecting a key on a telephone dial pad displayed on the
display 1n response to movement of the device;

selecting a character corresponding to the identify of a
contact in response to movement of the device;

inmitiating a telephone call in response to movement of the
device;

terminating a telephone call 1n response to movement of
the device:

recognizing a character in response to movement of the
device;
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recognizing a plurality of characters in response to move-
ment of the device;

displaying an element on the display as part of an auto-
complete operation 1n response to movement of the
device:

rotating a map on the display 1n response to movement of
the device;

zooming a map on the display 1n response to movement of
the device;

panning a map on the display in response to movement of
the device:

tilting a map on the display 1n response to movement of the
device;

scrolling through a set of elements, wherein at least one
clement 1included in the set of elements 1s displayed on
the display, in response to movement of the device;

interpreting a movement of the device depending on a
context of the device;

switching orientation of an 1mage on the display between
portrait and landscape modes 1n response to movement
of the device;

activating an application 1n response to movement of the
device, where the movement corresponds to switching
between two different orientations;

providing visual, audio or vibration feedback 1n connection
with interpretation of a movement of the device;

authenticating a user based on movement of the device;

transposing movement of the device 1nto a tangible authen-
tication mark;

controlling an external system based on movement of the
device:

authorizing a commercial transaction based on movement
of the device;

measuring caloric expenditure of a user based on move-
ment of the device;

assessing a sports-related motion based on movement of
the device;

counting a sports-related motion based on movement of the
device;

assessing a game-related motion based on movement of the
device;

controlling a power-saving feature ol the device based on at
least one of the following: orientation of the device,
movement of the device, or absence of movement of the
device; or

recognizing an instruction to be transmitted to an external
system based on movement of the device.

23
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35. The electronic device of claim 25, wherein the sub-
system providing display capability includes a display
attached to the device, and wherein the interaction with the
device consists of one or more of the following 1n response to
a signal recerved from the motion function trigger:

triggering a function in response to a set of taps applied to
the device:

displaying a symbol 1n response to a set of taps applied to
the device to provide visual feedback relating to the tap;

triggering a function of the device 1n response to a set of
shakes applied to the device; and

displaying a symbol 1n response to a set of shakes applied
to the device to provide visual feedback relating to the
tap.

36. A handheld electronic device, the device comprising:

a display attached to the device;

a motion function trigger;

a set of motion sensors sensing rotational rate around at
least three axes and linear acceleration along at least
three axes, where the motion sensors are mtegrated 1n a
single module; and

a subsystem which, based on motion data dertved from at
least one of the motion sensors and activation of the
motion function trigger, 1s capable of facilitating inter-
action with the device.

37. The electronic device of claim 36, wherein the module
1s integrated 1n a single package.

38. The electronic device of claim 36, wherein the module
comprises a first subsystem and a second subsystem, the first
subsystem comprising the motion sensors sensing rotational
rate, the second subsystem comprising the motion sensors
sensing linear acceleration, and wherein the first subsystem 1s
coupled to the second subsystem via a sub-module data bus.

39. The electronic device of claim 36, wherein the module
comprises a first subsystem, a second subsystem and a third
subsystem, the first subsystem comprising at least one motion
sensor sensing rotational rate, the second subsystem compris-
ing at least two motion sensors sensing rotational rate, and the
third subsystem comprising the motion sensors sensing linear
acceleration, and wherein the first, second and third sub-
systems are coupled to a sub-module data bus.
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