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SYSTEMS AND METHODS FOR GUIDING
A USER DURING CALIBRATION OF A SENSOR

RELATED APPLICATIONS
[001] This application claims the benefit of and priority to U.S. Patent Application
Mo, 14/247,150, filed April 7, 2014, entitled “SYSTEMS AND METHODS FOR
GUIDING A USER DURING CALIBRATION OF A SENSCR,” which is assigned to

the assignee hereof and which is incorporated herein by reference in its entivety.

FIELD OF THE PRESENT DISCLOSURE
[002] This disclosure generally relates to the calibration of sensors and more

specifically providing a user a graphical interface to facilitate cabibration.

BACKGROUND
[003] The development of microelectromechanical systems (MEMS) has enabled
the mcorporation of a wide variety of sensors inlo mobile devices, such as cell phones,
laptops, tablets, gaming devices and other portable, electronic devices. Non-limiting
examples of such sensors inchude an accelerometer, a gyroscope, a magnetometer, 8
pressure sensor, a microphone, a proximity sensor, an ambient light sensor, an infrared
seusor, and the Hike. Further, sensor fusion processing may be performed to combine
the data from a plurality of sensors to provide an improved characterization of the
device’s motion or orientation. However, due to the nature of electronics and
mechanics, MEMS-based sensors may be prone to having bias (offset) and sensitivity
errors, These ervors may drift and or change due to temperature, humidity, fime,
assembly stress and other changes in peripheral conditions. In turn, inaccurate bias may
resuit in decreased quality of sensor data and may complicate the sensor fusion process
used to estimate parameters such as attitude (e.g., pitch, roli, and vaw), heading
reference and the like which are dependent on the precision of the sensors” outputs. For
example, when integration of raw data output by the sensor is used to determine
velocity from acceleration or orientation angle from the rate of angular change, the bias

drift problem may be significantly magmitied.
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[004] n hight of these characteristics of MEMS sensors, it may be desirable to
perform a sensor calibration operation to characterize the bias or sensitivity error,
enabling a correction of the sensor data. A sensor calibration operation may cmploy
mathematical calculations te deduce various motion states and the position or
orientation of a physical system. A sensor bias may be produced by the calibration
operation, which may then be applicd to the raw sensor data and calibrate the sensor.
As will be appreciated, the calibration operation may be performed during manufacture
or may be performed periodically while the device is being used to account for changes

that may ococur over time.

[0035] Accordingly, performing a calibration operation may be used to fmprove the
guality of data obtained from the sensor. Depending on the characteristics of the sensor
being calibrated, the calibration operation may be facilitated by positioning the device
in one or more specific orientations or moving the device in a particular pattern of
motion. However, even if a user has knowledge of the orientations or patterns, it may
be difficult to accurately reproduce them, Further, a user may not be aware when a
calibration operation has been successfully completed. To address these needs, this
disclosure is directed to systems and methods for guiding a user during a calibration
process {0 position the device in one or more desired orientations or to move the device
in & desired pattern of motion and fo provide fecdback regarding when the desived

orientation or movement has been achieved and calibration has been completed.

SUMMARY

[006] This disclosure is directed to a2 method for calibrating a motion sensor of a
device and may nclude generating a virtual three dimensional environment, displaying
a first visual cue to a user with respect to the virtual three dimensional environment
configured to guide the user to position the device in a first desired orientation and
providing an indication 1o the user when the device is positioned in the first desived
orientation. The virtual environment may be updated in response to the user moving the
device to the fust desired orientation. At least a second visual cue may also be
displayed to guide the user to move the device from the first desired orientation to a

sccond desired ortentation. Accordingly, a pharality of visual cucs may be configured to

N2
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guide the user to position the device in a sequence of desired orientations and the

sequence of destred orientations may result in 8 desired pattern of motion.

[007] In one aspect, the desired pattern of motion may result from complete

rotations in three degrees of freedom.

[008] In one embodiment, the motion sensor may be an accelerometer and the
desired pattern of motion may incorporate relatively slow rotation arcund at least two

axes of the device with periodic periods of motionlessness.

[009] In one embodiment, the motion sensor may be a magnetometer and the
desired pattern of motion may incorporate rotation around at least two axes of the

device.

[O010] In one embodiment, the motion sensor may be a gyroscope and the desired
pattern of motion may nchide a period of motionlessness in the first desired orientation.
Alternatively or in addition, the desired pattern of motion may incorporate rotation

arpund three axes of the device with periods of motioniessness.

[0011] In one embodiment, an indication may be provided to the user when the

device is sufficiently calibrated.

[0012] I one embodiment, the virtual three dimensional environment may be a
panorama,
[3013] In one embodiment, the fivst visual coe may be a target object within the

virtual three dimensional environment.

[0014] In one embodiment, the first visual cue may be an object within the virtual

three dimensional environment that moves in response 10 an orientation of the device.

(03151 This disclosure also includes a sensor system, such that the system includes a
device baving at feast one motion sensor and a guidance moduie configured to generate
a virtual three dimensional envivonment, display a first visual cue to 8 user with respect
to the virtual three dimensional environment configured to guide the user to position the
device in a first desired oricntation and provide an indication to the user when the

device is positioned m the first desired orientation. The guidance module may update
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the virtual environment n response to the user moving the device to the first desived
orientation. The guidance module may also display at least a second visual cue to guide
the user to move the device from the first desired oricntation to a second desired
origntation. The guidance module may also display a plurality of visual cues configured
to guide the user 1o position the device in a sequence of desired orientations. The

sequence of desired orientations may result in a desired pattern of motion.

[0016] In one aspect, the desired pattern of motion may result from complete

rotations in three degrees of freedom.

[0017] In one embodiment, the motion sensor may be an accelerometer and the
desired patiern of motion may incorporate relatively slow rotation arcund at least two

axes of the device with periodic periods of motionlessness.

[0018] In one erabodiment, the motion scusor may be a magnetometer and the
desired pattern of motion may incorporate rotation around at least two axes of the

device.

[0019] In one embodiment, the motion sensor may be a gyroscope and the desired
pattern of motion may inclode a period of motionlessness in the first desired orientation.
Alternatively or in addition, the desired pattern of motion may incorporate rofation

around three axes of the device with periods of motionlessness.

100207 In one embodiment, the guidance module may provide an indication to the

aser when the device is safficiently calibrated.

[0021] In one embodiment, the virtual three dimensional environment may be a
panoramas,
[0022] In one embodiment, the first visual cue may be a target object within the

virtual three dimenstonal environment.

[0023] in one cmbodiment, the first visual cuc may be an object within the virtual

three dimensional environment that moves in response to an orientation of the device.

BRIEF DESCRIPTION OF THE DRAWINGS
4
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100241 FIG. 1 is a block diagram of a system that utilizes a guidance module in

accordance with an embodiment.

[0025] FI1G. 2 depicts a flow chart vepresenting the guiding of a calibration

operation in accordance with an embodiment.

[0026] FIGs. 3 and 4 are schematic representations of targeting in a virtual three

dimensional environment in accordance with an embodiment.

(00271 FIG. 5 schematicaily depicts a sequence of images representing movement
of an object in a virtual three dimensional environment in accordance with an

embodiment.

[0028] FIG. 8 is a schematic representations of a panoramic image in a virtual three

dimensional environment in accordance with an embodiment.

[0029] FIG. 9 18 a a schematic diagram of the orientation of a device with respect to

gravity according to an embodiment.

[0030] Fi(s. 10-12 are schematic representations of movement of an objectina

virtual three dimensional environment in accordance with another embodiment.

DETAILED DESCRIPTION
[0031] At the outset, it 18 to be understood that this disclosure is not limited to
particularly exemplified materials, architectures, routings, methods or structures as such
may vary. Thus, although a number of such optiouns, similar or equivalent to those
described herein, can be used in the practice or embodiments of this disclosure, the

preferred materials and methods are described hevein,

[0032] It 1s also to be understood that the ternunoclogy vsed herein s for the purpose
of describing particalar embodiments of this disclosure only and s not intended to be

limiting.

[G033] The detailed description set forth below I conpection with the appended
drawings is intended as a description of exemplary embodiments of the present

disclosure and is not intended {o represent the only exemplary embodiments in which

(]
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the present disclosure can be practiced. The term “exemplary” used throughout this
description means “serving as an example, instance, or illustration,” and should not
necessarily be consirued as preferred or advantageous over other exemplary
embodiments. The detatled description includes specific details for the purpose of
providing a thorough understanding of the exemplary embodiments of the specification.
1t will be apparent to those skilled in the art that the exemplary embodiments of the
specification may be practiced without these specific details. In some instances, well
known structures and devices are shown in block diagram form in order to avoid

obscuring the novelty of the exemplary embodiments presented herein.

[0034] For purposes of convenience and clarity only, directional terms, such as top,
bottom, left, right, up, down, over, above, below, beneath, rear, back, and front, may be
used with respect to the accompanying drawings or chip embodiments. These and
stmilar directional terms should not be construed to limit the scope of the disclosure m

any manner,

[0035)] In this specification and in the claims, it will be understood that when an
element is referred to as being “connected 07 or “coupled t0” another clement, it can be
directly comnected or coupled to the other clement or intervening elerents may be
present. In contrast, when an element is veferred to as being “directly connected to” or

“directly coupled to” another element, there are no intervening clements present.

[3036] Some portions of the detailed descriptions which follow are presented n
terms of procedures, logic blocks, processing and other symbolic representations of
operations on data bits within a computer memory. These descriptions and
representations are the means used by those skilled i the data processing arts to most
effectively convey the substance of their work to others skilled in the art. In the present
application, a procedure, logic block, process, or the like, i conceived 1o be a sclf-
consistent sequence of steps or instructions leading to a desired result. The steps are
those requiring physical manipulations of physical quantitics. Usually, although not
necessartly, these quantitics take the form of electrical or magactic signals capablc of
being stored, transtorred, combined, compared, and otherwise manipulated in a

computer system.
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[0037] It shouldd be borne in mind, however, that alf of these and similar terms are to
be associated with the appropriate physical quantities and are merely convenient labels
applied to these quantitics. Unless specifically stated otherwise as apparent from the
following discussions, it is appreciated that throughout the present apphcation,

as

discussions utilizing the terms such as “accessing,” “receiving,” “sending,’

59

“using,

39 64 2% i,

“selecting,” “determining,” “normalizing,” “multiplying,” “averaging,” “monitoring,”

LTS 39 e, 2% 4%

“comparing,” “applying,” “updating,” “measuring,” “deriving” or the like, refer to the
actions and processes of a computer system, ov similar electronic computing device, that
manipulates and transforms data represented as physical (electronic) quantities within
the computer system’s registers and memories into other data similarly represented as
physical guantities within the computer system memorics ot registers or other such

miformation storage, transmission or display devices.

[0038] Embodiments described herein may be discussed in the general context of
processor-executable instractions residing on some form of non-transttory processor-
readable medium, such as program modules, executed by one or more computers or
other devices. Generally, program modules include routines, prograrss, objects,
components, data structures, ete., that perform particular tasks or implement particular
abstract data types. The functionality of the program modules may be combined or

distributed as desired in vartous embodiments.

[0039] In the figures, a single block may be described as performing a function or
functions; however, in actual practice, the function or functions performed by that block
may be performed in a single component or across multiple components, and/or may be
performed using hardware, using software, or using a combination of hardware and
software. To clearly iHustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such fumctionality is implemented as
hardware or software depends upon the particular application and design constraints
mposed on the overall system. Skilled artisans may iroplement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure. Also, the exemplary wireless communications devices may include
components other than those shown, including well-known components sach as a

processor, memory and the like.

-3
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[0040] The techmques described herein may be tmoplemented in hardware, software,
firmware, or any combination thereof, unless specifically described as being
implemented in a specific manner. Any features described as modules or components
may also be tmplemented together 1n an integrated logic device or separately as discrete
but interoperable logic devices. I implemented in software, the technigues may be
realized at least in part by a non-transitory processor-readable storage medivm
comprising instructions that, when executed, performos one or more of the methods
described above. The non-transitory processor-readable data storage medivm may form

part of a computer program product, which may tnclade packaging materials.

[0041] The non-transitory processor-readable storage medivm may comprise
random access memory {(RAM) such as synchronous dynamic random access memory
(SDRAM), read only memory (ROM), non-volatile random access memory (NVRAM),
clectrically ervasable programmable read-only memory (EEPROM), FLASH memory,
other known storage media, and the hike. The techniques additionally, or alternatively,
may be realized at least in part by a processor-readable comuumnication medivim that
carries or comnunicates code in the form of instructions or data structures and that can
be accessed, read, and/or executed by a computer or other processor. For example, a
carricr wave may be employed to carry computer-readable ciectronic data such as those
used in transmitting and recciving electronic mail or n accessing a network such as the
Internet or a local area network (LAN). Of course, many modifications may be made to
this configuration withoot departing from the scope or spirit of the claimed sobject

matter.

(30421 The varicus iHhustrative logical blocks, modules, circuits and instroctions
described in conmection with the embodiments disclosed herein may be executed by one
o1 mote processors, such as one or more motion processing units (MPUs), digital signal
processors (DSPs), general purpose microprocessors, apphcation specific integrated
circuits {ASICs), application specific instruction st processors {ASIPs), ficld
programmable gate arrays (FPGAs), or other equivalent integrated or discrete logic
circoitry. The term “processor,” as used herein may refer to any of the foregoing
structure or any other structure suitable for iaplementation of the techniques described
herein. In addition, in some aspects, the functionality described herein may be provided
within dedicated software modules or hardware modules configured as described herein.

Also, the techniques could be fully implemented in one or more circuits or logic
8
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clements. A general purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontrelier, or state
machine. A processor may also be implemented as a combination of computing
devices, ¢.g., a combination of an MPU and a microprocessor, a plarality of
TRICEOPTOCESS0TS, ONE OF 1HOre MICTOProcessors in conjunction with an MPU core, or any

other such configuration.

[0043] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly undersiood by one having ordinary skill in the art to

which the disclosure portains.

[0044] Finally, as used o this specification and the appended claims, the singular
forms “a, “an” and “the” include plural referents unless the content clearly dictates

otherwise.

[(345] In the described embodiments, a chip is defined to include at least one
substrate typically formed from a semiconductor material. A single chip may be formed
from multiple substrates, where the substrates are mechanically bonded to preserve the
functionality. A multiple chip includes at least two subsirates, wherein the two
substrates are electrically commected, but do not require mechanical bonding. A package
provides clectrical connection between the bond pads on the chip to a metal lead that
can be soldered to a PCB. A package typically comprises a substrate and a cover.
Integrated Civcuit (IC) substrate may refer to a silicon substrate with electrical circuits,
typicaily CMOS circuits. MEMS cap provides mechanical support for the MEMS
structure. The MEMS structural layer is attached to the MEMS cap. The MEMS cap is
also referred to as handle substrate or handle wafer.  In the described emboduments, an
clectronic device incorporating a sensor may cmploy a motion tracking module also
referred 1o as Motion Processing LUndt (MPU) that includes at least one sensor in
addition to electronic circuits. The sensor, such as a gyroscope, a compass, a
magnetometer, an accelerometer, a microphone, a pressure Sensor, a proximity Sensor,
or an ambient fight sensor, among others known in the art, are coniemplated. Some
embodiments include accelerometer, gyroscope, and maguetometer, which each provide
a measurement along three axes that are orthogonal relative to each other referred to as
a 9-axis device. Other embodiments may not include all the sensors or may provide
measurements along one or more axes. The scosors may be formed on a first substrate.

9
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Other embodiments may include solid-state sensors or any other type of sensors. The
clectromic circuits in the MPU receive measurement outputs from the one or more
sensors. In some embodiments, the electronic circuits process the sensor data, The
clectronic circuits may be implemented on a second silicon substrate. Insone
embodiments, the first substrate may be vertically stacked, attached and electrically
connected to the second substrate in a single semiconductor chip, while in other
embodiments, the first substrate may be disposed laterally and electrically cornected to

the second substrate in a single senmiconductor package.

[0046] In one embodiment, the first substrate is attached to the second substrate
through wafer bonding, as described in commonly owned U.S. Patent No. 7,104,128,
which is incorporated herein by reference in its entirety, to simultancously provide
electrical connections and hermetically seal the MEMS devices. This fabrication
techmique advantageously enables technology that allows for the design and
manufacture of high performance, melti-axis, inertial sensors in a very small and
cconomical package. Integration at the wafer-level minimizes parasitic capacitances,
allowing for improved signal-to-noise relative to a discrete solution. Such integration at
the wafer-level also enables the incorporation of a rich feature set which minimizes the

need for external amplification.

[0047] In the described embodiments, raw data refers to measurement outputs from
the sensors which are not yet processed. Motion data vefers (o processed raw data.
Processing may include applying a scusor fusion algorithm or applying any other
algorithm. In the case of a sensor fusion algorithm, data from one or more sensors may
be combingd to provide an orientation of the device. In the desceribed embodiments, a

MPU may include processors, memory, contrel logic and scusors among structures.

[0048] As will be described more fully below, this disclosure provides techniques
for guiding a user through a calibration operation for a mobile device having a motion
sensor. The user may receive one or more visual cues to facilitate positioning the
device in one or more desired orientations or producing one or more patierns of motion.
The visual cues may be with respect to a virtual three dimensional covironment that is

responsive to a determined orientation of the device.

10
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[(0049] Details regarding one embodiment of a mobile electronic device 100
exhibiting features of this disclosure are depicted as high level schematic blocks i FIG.
1. As will be appreciated, device 100 may be implemented as a8 device or apparatus,
such as a handheld dovice that can be moved in space by a user and s motion and/or
orientation in space therctore sensed. For example, such a handheld device may bea
mobile phone (c.g., cellular phone, a phone renning on a local network, or any other
telephone handset), wired telephone (e.g., a phone attached by a wire), personal digital
assistant (PDA), tablet, video game player, video game controller, navigation device,
mobile internet device (MIDy), personal navigation device (PND), digital still camers,
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.

[00803] fn some embodiments, device 100 may be a sclf-contained device that
inchides its own display and sufficient computational and interface resources to
generate and display the virtual three dimensional environment. However, in other
cembodiments, device 100 may function in conjunction with another portable device,
such as one of those noted above, or a non-portable device such as a desktop computer,
clectronic tabletop device, server computer, etc., either of which can conununicate with
device 100, ¢.g., via network connections. Device 100 may be capable of
communicating via a wired commection using any type of wire-based communication
protocol (e.g., serial transmissions, parallel transmissions, packet-based data
communications), wireless connection {e.g., electromagnetic radiation, infrared
radiation or other wireless technology), or a combination of one or more wire

connections and one or more wireless connections.

(0081 Therefore, device 100 may include at a mininwm one or more motion
sensors that may be calibrated such that the virtual three dimensional environment may
be responsive to movemerds and orientations of device 100, Other functions associated
with this disclosure that will deseribed inmore detail below, such as generating and
updating the virtual three dimensional enviromment, displaying the virtual three
dimensional environment, interfacing with the calibration operation, as well as others,
may be implemented either in device 100 or an additional device as desired and
depending on the relative capabilitics of the respective devices. As an example, device

100 may be configured as g wearable device, such as a watch, wrist band, ring,
i1
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pedometer, anklet or the ke, and may be used in conjunction with another device, such
as a smart phone or tablet, which may be used to provide the display for representing
the virtual three dimensional environment. Thus, as used herein, the term “sensor
systemy’” means either a self-contained device or a device used in conjunction with

another device.

[0052] Returning to the exemplary embodiment shown in FIG. |, device 100
includes MPU 102, host processor 104, host memory 106, and external sensor 108,
Host processor 104 may be configured to perform the various computations and
operations involved with the general fonction of device 100. Host processor 104 may
be coupled to MPU 102 through bus 110, which may be any suitable bus or mterface,
such as a peripheral component interconnect express (PCle) bus, a universal serial bus
(USR]}, a universal asynchronous receiver/transoitier (UART) serial bus, a suitable
advanced microcontrolier bus architecture (AMBA)} nterface, an Inter-Integrated
Cireuit (12C) bus, a serial digital inpot outpat (SDIO) bus, or other eqoivalent. Host
memory 16 may include programs, drivers or other data that utilize information
provided by MPU 102, Exemplary details regarding suttable configurations of host
processor 104 and MPU 102 may be found in co-pending, commonly owned U.S. Patent
Application Serial No. 12/106,921, filed April 21, 2008, which is hereby incorporated

by reference in its cntirety.

[0053] In this cmabodiment, MPU 102 is shown to include sensor processor 112,
memory 114 and internal sensor 116, Memory 114 may store algorithms, routines or
sther instructions for processing data outpot by sensor 116 or sensor 108 as well as raw
data and motion data. Internal scnsor 116 may include one or more sensors, such as
accclerometers, gyroscopes, magnetomaters, pressure sensors, microphones and other
sensors. Likewise, external sensor 108 may inchide one or more sensors, such as
accelerometers, gyroscopes, magnetometers, pressure sensors, microphones, proximity,
and arabient light sensors, and tomperature sensors among others seosors. As used
herein, an mternal sensor refers to a sensor implemented using the MEMS techniques
described above for integration with an MPU into a single chip. Similarly, an external
sensor as used herein refers to a sensor carried on-board the device that is not intograted
o a MPUL In the context of this disclosure, at least one of the internal or extermnal
sensors is a motion sensor, such as a gyroscope, an accelerometer or a magnetometer.

For example, a typical tmplomentation may feature 8 gyroscope, an accelerometer and a
12
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magnetometer configured as intemnal sensors 116 and each providing data output
corresponding o three orthogonal axes which may utilize a sensor fusion operation to

generate a 9-axis attitude (throe different sensors for cach of the three axes).

[0054] In some embodiments, the sensor processor 12 and internal sensor 116 are
formed on differcut chips and in other cmbodiments; they reside on the same chip. In
vet other embodiments, a sensor fusion algorithm that is employed m calculating
orientation of deviee is performed externally to the sensor processor 112 and MPU 102,
such as by host processor 104, In still other embodiments, the sensor fusion is
performed by MPU 102, More generally, device 100 mcorporates MPU 102 as well ag

host processor 104 and host memory 106 in this embodiment.

[00S85] As will be appreciated, host processor 104 and/or sensor processor 112 may
be one or more microprocessors, central processing units (CPUs), or other processors
which run software programs for device 100 or for other applications related to the
fonctionality of device 100, For exanple, different software application programs such
as menu navigation software, games, camera function conirel, navigation software, and
phone or a wide variety of other software and functional interfaces can be provided. In
some cmbodiments, multiple ditferent applications can be provided on a single device
100, and in some of those embodiments, multiple apphications can run simultancously
on the device 100. Multiple layers of software can be provided on a computer readable
medium such as electronic memory or other storage medivm such as hard disk, optical
disk, flash drive, etc., for use with host processor 104 and sensor processor 112, For
example, an operating system layer can be provided for device 100 to control and
manage system resources in real time, cnable functions of application software and
other layers, and interface application programs with other software and functions of
device 100. A motion algorithm layer can provide motion algorithms that provide
lower-level processing for raw sensor data provided from the motion sensors and other
sensors, such as internal sensor 116 and/or external sensor 108, Further, a sensor
device driver laver may provide a software interface to the hardware sensors of device

100,

[3056] Some or all of these layers can be provided in host memory 106 for access
by host processor 104, in memory 114 for access by sensor processor 112, or in any
other suitable architecture. For example, in some crubodiments, host processor 104 may

i

(8]
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read nstructions and data from calibration module 118 in host memory 106 to perform a
calibration operation for at least one of internal sensor 116 or external sensor 108.
Further, in this embodiment, host memory 106 also inchudes guidance moduie 120
configured 1o generate the virtual three dimensional environment used for prompting the
user to move and position device 100 as desired and to interface with calibration module
118, A system that utilizes calibration module 118 and guidance module 120 in
accordance with the present disclosure maay take the form of an entively hardware
mplementation, an entirely software implementation, or an implementation containing
both hardware and software clements. In one implementation, calibration module 118
and/or guidance module 120 may be implemented in software, which inchides, but is
not limited to, application software, firmware, resident software, microcode, eic.
Furthermore, calibration module 118 and/or guidance module 120 may take the form of
g computer program product accessible from a computer-usable or computer-readable
medium providing prograra code for use by or in connection with a coraputer or any
mstraction execution system. For the purposes of this description, a computer-usable or
computer-readable medium may be any apparatus that can contain, store, communicate,
propagate, or transport the program for use by or in connection with the instruction

execution system, apparatus, or device.

(00571 Device 100 may also include display 122 adapted to represent the virtual
three dimensional environment generated by guidance module 120, Device 100 may
aiso include any suitable mechanisms for effecting input and/or cutput to a user, such as
audio speakers, buttons, switches, a touch screen, 3 joystick, 2 trackball, 2 mouse, a
shder, a knob, a printer, a scanner, a camera, or any other similar components. Further,
device 100 may include one or more communication modules for establishing a
communications link, which may employ any desired wired or wireless protocol,
mnclading without Hmitation WiFi®, cellular-based mobile phone protecols such as long
term evolution (LTE), BLUETOOTH®, ZigBee®, ANT, Ethernet, peripheral
component interconnect express (PCIe) bus, Inter-Integrated Circuit {(12C) bus,
universal serial bus (USB), universal asynchronous receiver/transoutter {UART) serial
bus, advanced microcontroller bus architecture (AMBA) miterface, serial digital input

gutput (STDHO)Y bus and the fike.

[00S58] As indicated above, a calibration operation may benefit from placing device

100 in & desired oricntation or by moving device 1{{} through a defined pattern of
14
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movement. For the purposes of illustration and not hmitation, one of skill in the art will
appreciate that the following different types of calibration operations that are performed
for different sensors may benefit from specific oricntations and movements. Calibrating
the bias of an accelerometer may be facilitated by performing slow rotations of device
100 along at least two axes with perioedic periods of motionlessness. By providing
movement on at least two axes, deviation from a single plane of reference may be
achicved, Calibrating the hard iron bias of a magnetometer may be facilitated by
rotation along at least two axes. Calibrating the soft iron bias of a magnetometer may
be facilitated by movement that results n a reference from the device projected into
space and covering a sphere surrounding the device, essentially resulting from moving
device 100 through complete rotations with throe degrees of freedom. Other calibration
operations involving other sensors may also benetit from this pattern of motion.
Calibrating the bias of a gyroscope may be facilitated by slow rotation or by
motionlessness. Calibrating the scusitivity of a gyroscope may be facilitated by slow
rotation, such as approximately 90°, along three axes. Likewise other calibration
operations involving the same or other sensors may benefit from other origntations or

paticrns.

[{(H359] Given a desired cricntation or paticin of movement that may be configured
to facilitate a particular calibration operation, guidance module 120 may be used to
generate 4 virtual three dimensional environment that may be represented 1o a user via
display 122 in response to an orientation of device 100 as determined using one or more
of internal sensor 116 and/or external sensor 108, (Generation of animated virtual three
dimensional enviromments may be achieved as known n the art, for example by using
technigues that have been developed for computerized gaming, inclading genres soch as
first-person shooters or flight simulators. Accordingly, the gencrated virtual three
dimensional envitomment may be used 1o provide the user 2 visual cuc that results in
device 100 being positioned in a desired orientation. Onge device 100 has been
positioned in the desired orientation, guidance module 120 may provide an indication to
the user of successtul oriendation in any suitable manner. For example, the virtual three
dimensional enviromment may be updated to provide a visual indication, or an auditory

or tactile {e.g., vibration} may be ased.

100607 As noted, the virtual three dimensional enviromment may be responsive to a

ctermined orientation of device 100, such as by updating the visual on display 122 to
15
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reflect any change in orientation. Thus, after successful positioning with respect to a
first desired orientation, guidance module 120 may provide one or more additional
visual cues associated with one or more additional desired orientations. By providing a
phurality of visual cues in an appropriate order, any desited patiorn of motion may be

recreated.

100611 In a further aspect, calibration module 118 may imterface with guidance
modode 120 during the calibration operation. For example, the choice and sequence of
visual cues may be prompted by calibration module 118 according to the operation
being performed and the type of scusor being calibrated. Addutienally, indications of
quality and/or progress may be conveyved from calibration modude 118 to guidance
modile 120, allowing guidance module 120 to adapt the sequence of visual cues inan
appropriatc manner. For example, if a given stage of the calibration operation is
identified as having poor quality, guidance module 120 may be configired to repeat a
portion of the visual cues. Likewise, once calibration module 118 determines the sensor
has been successtully calibrated, it may convey that information to guidance module
120 which may then terminate the routine. The interface between calibration module
118 and goidance module 120 may also be configured to give the user an indication of
how closely the desired orientation or patiern of motion was matched, thereby providing

feedback that may allow the user to improve.

[0062] To help illustrate aspects of this disclosure, an exemplary routine for guiding
a user during calibration of device 100 s represenied by the flowchart shown in FIG. 2.
Beginning in 200, guidance module 120 may mitiate the routine by gencrating the
virtual three dimensional cnvironment, for example, in response to a predetermined
schedule, upon a deteroination that 2 sensor is miscalibrated, upon prompting by the
aser, of as a reaction to any other suitable frigger event. A suitable calibration operation
may be initiated by calibration module 118 in 202, Next, in 204 guidance module 120
may provide a first visual cue contfigured to aid the user in positioning device 100 in a
first desived orientation. After determining that positioning has been achieved with
respect to the first desired orientation, guidance module 120 may indicate success to the
user in any suitable manner in 206. Guidance module 120 may then update the virtual
three dimensional environment in response to device 100 being positioned in the first
orientation in 208, As will be appreciated, 206 and 208 may be performed at the same

time and may represent the same action. Next, guidance module 120 may provide one
16
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or more additional visual cues associated with one or more additional desired
orientations in 210. As described above, an appropriate sequence of desired orientations
may result in a defined pattern of motion configured to facilitate a calibration operation.
Finally, in 212 guidance module 120 may signal the uscr that the calibration has been

successfully performed when calibration module 118 completes the operation.

[0063] Any number of virtual three dimensional environments may be employed to
implement the technigues of this disclosure and the following material discusses
cmbodiments that are intended to indicate currently-envisioned possibilities and should

not be considered Hmiting,

[0064] Une suitable embodiment of a virtual three dimensional environment is
depicted in reference to FiGs. 3 and 4. These figures represent images that may be
generated by guidance moduole 120 and shown on display 122 as visual cues to aid the
user in positioning device 100 in desired origntations. In FIG. 3, a view showing the
virtual three dimensional environment is provided with reticule 302 currently aligned
over a first target object 304, As shown, target object 304 may include an orientation
indicator, in this embodiment, an arrow. Thus, device 100 may be oriented so that the
cross hairs of reticule 302 arc over object 304 and may further be rotated about the axis
created between the cross hairs and the objoect so that arrow points up. In the view of
FIG. 3, the cross hairs of reticule 302 are aligned and the arrow of objeet 304 is pointing
up, representing that device 100 has been positioned in a desired orientation. Guidance
modide 120 indicates this to user by providing an awra 306 around object 304, As noted
above, any suitable visual, auditory or tactile indication may be emploved as desired.
Further, guidance moduic 120 is providing another visuai cue in the form of target
chject 308, which is not currently aligned with reticule 302, In this cxample, the
process of positioning at a desired orientation corresponding to target object 308 may
involve rotating device 100 around the axis to target object 308 as s arrow is not
currently pointing up. Correspondingly, the view shown 1o FIG. 4 represents device
100 being nearly positioned at the new desired orientation, so that the cross hairs of
reticide 302 are almost aligned with object 308 and the arrow is potnting up. The
previously aligned object 304 is also shown, incloding aora 306 to indicate that the
orientation associated with object 304 has been achieved. Upoen successful aligmment
and orientation, 8 similar aura may be added to object 308, Further, target object 316

may represent yet another desired orientation to be positioned after object 308, As an
17
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example, the corrent target object, ohject 308 may be displayed in one color and any
subsequent obiects, such as object 310, may be displayed in another color. Similarly,
rather than adding an aura, such as aura 306, the color of the target object may be
changed or any other suitable indication of successtul positioning or correct sequencing

may be given.

[0065] Another suitablie embodiment of a virtual three dimensional environment is
depicted in reference to F1Gs, § - 7. In these figures, device 10{ is being moved
through various orientation as indicated. Display 122 shows an image of a three
dimensional conduit 502 generated by guidance module 120 that conceptually may be
considered to be fixed to the body frame of device 100, Guidance module 120 may also
generate reference object 504 to represent a ball or the like that may be guided within
conduit 502. Movement of object 504 may be controlled by positioning device 100 i
various orientations. For example, object 504 may be considered to be affected by a
gravity force within the generated virtual three dimensional environment, such that
tilting device 100 along an axis that is perpendicular to conduit SG2 at the location of
object 504 may result in the object moving through the conduit. In contrast, tilting
device 100 along an @xis that is parallel to conduit SO2 at the location of object 304 may
not result in movement of the object. Thus, the shape of conduit 502 generated by
guidance module 120 may require the user to tilt device 100 in such a manner thata
desired orientation or pattern of motion 18 recreated.  Successtully navigating a portion
of conduit $O2, and therefore successful positioning of device 100 in one or more
desired orientations, may be indicated by guidance module 120 by trail 506 that is left

behind object 504.

[0066] Yet another suitable embodiment of a virtual three dimensional environment
15 depicted in reference to FIG. 8. As shown, device 100 is being held n a first
oricntation by user hand 802, Guidance module 120 gencrates a virtual three
dimensional covironment schematically represented as sphere 804 having an associated
panoranic image on its interior surface. Conceptually, device 100 may be considered to
act as a virtual camera by showing an image 806 on display 122 that corresponds to 2
portion 808 of spherical panoramic image. In one aspect, a desired patiorn of motion
may be recreated by guidance module 120 providing a moving reference object in the
spherical panoramic image for the user to track with device 100, In another aspect,

guidance module 120 may be configured o lead the user through positioning device 100
8
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through complete rotations with three degrees of freedom with respect to sphere 804 by
updating the image in response to being visualized with the virtual camera. For
example, when portion 808 is shown on display 122, it may be updated in response,
such as by changing from black and white to color, by transitioning from out-of-focus to
m-focus, or through any other suitable indication. By changing the way the image is
prescnted, the user may quickly determine which portions of inner surface of sphere 804
have been visuzlized and which portions bave not. In this manner, the user may be
guided through a series of orientations of device 100 by pointing at all or a substantial

portion of the interior surface of sphere §04.

[0067] Another exemplary embodiment may be described in the context of FiGs. 9-
12. Beginning with FIG. 9, the orientation of device 100 is schematically represented as
having three body axes, x, y and z that may have an orientation with respect to an
external frame of reference, such as a world coordinate frame having a gravity vector &
as shown. In one aspect, guidance modide 120 may generate a virtual three dimensional
environment configured to facilitate calibration of an accelerometer. A suitable routine
may begin with the user positioning device 100 in an initial orierdation, such as face up
on a flat surface. In FIG. 10, guidance module 120 may generate a reference circle
1002 that is orthogonal to gravity., Correspondingly, guidance module 120 may also
generate device cirele 1004 to represent the oriemdation of device 100, In this example,
device circle 1004 may be orthogonal to the z axis of the body frame. Guidance module
120 may prompt the user to align the device circle 1004 with the reference circle 1002
as shown in FIG. 11, Guidance module 120 may also generate a orientation object 1006
to direct the user to posifion device 100 in one or more desired orientations. For
example, orientation object 1006 may be configared to act as though it is pulled by
gravity o the “lowest” position on device circle 1004, Guidance moduic 120 may
ndicate a target 1008 to direct the user to reoriend device 100, As shown, a counter
clockwise rotation of device 100 would result in a clockwise movement of orientation
object 1006 towards target 1008 as indicated. The user may then hold device 100 in
that oricotation unti calibration module 118 gathers sutficient data. Guidance module
120 may then generate 4 new target corresponding to the next desired orientation. In
one aspect, targets may be provide at locations corresponding to the +x, -x, +y and -y
axcs. After device 100 has been held motionless in a sufficient number of orientations

for calibration module 118 to complete the routine, guidance module 120 may then

%
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mdicate successful calibration, such as by displaying device circle 1004 as filled with

color 1610 as shown in FIG. 12, or through any other suitable indication.

[(06R] Although the present invention has been described in accordance with the
embodiments shown, one of ordinary skill in the art will readily recognize that there
could be variations to the embodiments and those variations would be within the spirit
and scope of the present invention. Accordingly, many modifications may be made by
one of ordinary skill in the art without departing from the spirit and scope of the present

mvention.
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CLAIMS

What is claumed is;

i. A method for calibrating a motion sensor of a device comprising:

generating a virtual three dimensional environment;

displaying a first visual cue to 8 user with respect to the virtual three
dimensional eoviromment configured to guide the user to position the device in a figst
desired orientation; and

providing an indication to the user when the device is positioned in the first

desired orientation.

2. The method of claim 1, further comprising updating the virtual

enviromment i response to the vser moving the device to the first desired orientation.

3. The method of claim 2, further comprising displaying at least a second
visual cue configured to guide the user to move the device from the first desired

orientation to 2 second desired orientation.

4. The method of claim 1, further comprising displaying a plurality of
visual cues configured to guide the user to position the device in a sequence of desired

orientations.

S. The method of claim 4, wherein the sequence of desired orientations is

configured to result in a desired paticrn of motion.

6. The method of claim 5, wherein the desired pattern of motion resulis
from complete rotations in three degrees of freedom.
7. The method of claim 5, wherein the motion sensor is an accelerometer
and wherein the desired pattern of motion 1s configured to corporate relatively slow

rotation around at least two axes of the device with periedic periods of motionfessness.
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8. The method of claim §, wherein the motion sensor is 2 magnetometer
and wherein the desired pattern of motion is configured to incorporate rotation arcund at

least two axes of the device.

9. The method of claim 5, wherein the motion sensor is a gyroscope and
wherein the desired pattern of motion is configured to include a period of

motionlessness in the first desived orientation.

10.  The method of claim 5, wherein the motion sensor 1s a gyroscope and
wherein the desired pattern of motion is configured to incorporate rotation around three

axes of the device with periods of motionlessness.

11.  The method of claim 1, further comprising providing an indication to the

user when the device is sufficiently calibrated.

12. The method of claim 1, wherein the virtual three dimensional

cnvironment GOII’IpE‘iS@S a4 panorama.

13, The method of claim 1, wherein the fivst visual cue comprises a target

object within the virtual three dimensional environment,

14 The method of claim 1, wherein the first visual cue comprises an object
within the virtual three dimensional environment that moves in response 1o an

ortentation of the device.

15, A sensor system comprising:
a device having at least onc motion sensor; and
a guidance module contigured to:

generate a virtual three dimensional environment;

display a first visual cue to a user with respect to the virtual three
dimensional enviromment configured to guide the user to position the device n 2
first desired orientation; and

provide an indication to the user when the device is positioned m the first

desired orientation.
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16, The sensor system of claim 15, wherein the goidance module s
configured to update the virtual environment in response to the user moving the device

to the first desired oricntation.
17.  The sensor system of claim 16, wherein the guidance module is
configured to display at least a second visual cue to guide the user 1o move the device

from the first desired ortentation to a second desired orientation.

18. The

w

ensor sysiem of claim 15, wherein the guidance module is
configured to display a plurality of visual cues configured to guide the user to position

the device in a sequence of desired orientations.

19, The scosor system of claim 18, wherein the sequence of desired

orientations 1s configured to result in a desired patiern of motion.

26.  The

w

ensor sysiem of claim 19, wherein the desired pattern of motion

resulis from complete rotations in three degrees of freedom.

21, The seosor system of claim 19, wherein the motion sensor s an
accelerometer and wherein the desired pattern of motion is configured to fucorporate
relatively slow rotation around at least two axes of the device with periodic periods of

motionlessness.

22, The sensor system of claim 19, wherein the motion sensor is a
magnetometer and wherein the desired pattern of motion is configured to incorporate

rotation around at least two axes of the device.

23.  The sensor system of claim 19, wherein the motion sensor is a gyroscope
and whercin the desired pattern of motion is configured to inchlude 3 period of

mofionlessness in the first desired orientation.

[
L

P
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24, The sensor system of claim 19, wherein the motion sensor is a gyroscope
and wherein the desired pattern of motion is configured to tncorporate rotation arcund

three axes of the device with periods of motionlessness.

25, The sensor system of claim 15, wherein the guidance module is

configured to provide an fndication to the user when the device is sufficiently calibrated.

26.  The sensor system of claim [5, wherein the virtaal three dimensional

environment comprises a panirama,

7. The senser system of claim 15, wherein the first visual cue comprises a

target object within the virtual three dimensional environment.

28, The scosor system of claim 15, wherein the first visual cue comprises an
object within the virtual three dimensional environment that moves in response to an

orientation of the device.

24
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