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(57) Abstract: Systems and methods are disclosed for categorizing a device use case for on foot motion with a portable device. Mo -
tion sensor data corresponding to motion of the portable device may be obtained, such as from a sensor assembly of the device. The
motions sensor data is processed. Further, a use case characteristic may be determined from the processed and/or raw motion sensor
data, an etfective frequency may be determined from the processed and/or raw motion sensor data and/or an Figen use case may be
determined. The device use case may then be classified using the processed and/or raw motion sensor data and at least one of the use

case characteristic, the effective frequency and the Eigen use case.
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METHOD AND APPARATUS FOR
CATEGORIZING DEVICE USE CASE

CROSS REFERENCE TO RELATED APPLICATIONS
[001] This application claims priority from and benefit of U.S. Provisional Patent
Apphication Serial No. 62/031,040, filed July 30, 2014, which is entitfed “METHQGD
FOR PORTABLE DEVICE USE-CASE DETERMINATION” and U.S. Patent
Application Serial No. 14/812,949 filed July 29, 2015, which is entitled “METHOD
AND APPARATUS FOR CATEGORIZING DEVICE USE CASE,” both of which are

assigned to the assignee hercof and are incorporated by reference in their entirety.

FIELD OF THE PRESENT DISCLOSURE
(002} This disclosure gencrally relates to categorizing a device use casc fora
portable device and more particularly to characterizing a velationship betwoen the

portable device and a user who is andergoing on foot motion.

BACKGROUND
[003] Portable electronic devices, such as those configured to be handheld or
otherwise associated with a user, arc employed in a wide varicty of applications and
envirormenis. The ubiquity of such devices as mebile phones, wearables, including
smart watches and glasses, digital still cameras and video cameras, handheld music and
media players, portable video game devices and controllers, tablets, mobile internet
devices (MIDs), personal navigation devices {(PNDs), other APPlication acCESSORIES
{or Appeessories for short) and other similar devices speaks the popularity and desire
for these types of devices. Increasingly, such devices are equipped with one or more

sensors or other sysiems for determining the position or motion of the portable device.

[04] Information obtained from such sensors regarding motion of a portable
device has been leveraged to provide information about the bebavior and physical
activity of a user. In turn, this information has been extensively applied w different
fields such as navigation and localization, health monitoring, emergency services,

athictic training, sport rehabilitation, clderly assistance and others. For example, indoor
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navigation systems benefit from knowledge about user motion and dynanues. In this
context, sach information may be used to select an appropriate movement model for a
pedestrian, which can be used to limit the possible locations in combination with the
other absolute positioning technologics, as well as 1o establish certain constraints that
aid the navigation system. Motion sensors, such as accelevometers, gyroscopes,
magnetometers and the like may be used to provide a basic indoor positioning solution
for relatively short time periods when starting from a known position. Further, having
information about the oricntation of the device with respect to the user may increase the
accuracy of 4 navigation solution. However, holding or fixing the device in a certain
orientation so that it's orientation with respeet to the user is known is unrealistic and
inconvenient for the user. Thus, as a practical matter, portable devices including
smartphones, tablets, smart watches, and smart glasses, etc. may be constrained or
vnconstrained in relation to the user such that the orientation of the device with respect

to the user is not known.

605} Accordingly, it would be desirable to classify the corrent relationship
between the device and the user, such as by determining how the device is being used,
m order to gain insight into the potential relative orientation between the user and the
device. Correspondingly, “device use case” as used herein refers to the type of
interaction between a portable device and the user, and may include whether the user is
carrying the device, holding the device with a swinging arr, positioning it “ou car”
when talking, inputting data or viewing in a navigation or texting operation, carrying the
device in a pocket or other container or holder, and other usages of the device that affect
its orientation with respect to the user. Knowledge of the device use case may alse
provide other benefits. For example, a device use case not associated with active user
engagement, such as being in a pocket, may allow improved management of operations
being performed by the device, including the ability to enier power saving modes to

Save Cnergy.

[006] As will be described in the following materials, this disclosure satisfics these

and other needs.

Kl
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SUMMARY

[007] As will be described in detail below, this disclosure includes methods for
categorizing 8 device use case for on foot motion with a portable device. Tn one
embodiment, the method may inchide obtaining motion sensor data corresponding to
motion of the portable device, processing the motion sensor data, porforming at least
one of deriving a use case characieristic from the processed and/or raw motion sensor
data, determining an effective frequency from the processed and/or raw motion sensor
data and determining an Eigen use case, and then categorizing the device use case of the
portable device using the processed and/or raw motion sensor data and at least one of

the use case characteristic, the effective frequency and/or the Eigen use case.

[008] This disclosure also includes a portable device for categorizing device use
case. In one embodiment, a vepresentative portable device may have a sensor assembly
integrated with the portable device that may output data representing motion of the
portable device, a processor that roay process the motion sensor data and a categorizer
that may perform at least one of the operations of deriving 8 use case characteristic from
the processed and/or raw motion sensor data, determining an effective frequency from
the processed and/or raw motion sensor data and/or determining an Figen use case, such
that the categorizer may determine a device use case for the portable device using the
processed and/or raw motion sensor data and at least one of the use case charvacteristic,

the effective frequency and/or the Eigen use casc.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] FIG. 1 is schematic diagram of a device use cases that may be classified fora

portable device according to an embodiment,

0010 FIG. 2 is schematic diagram of a portable device for categorizing device use

case according to an embodiment.

[O011] FIG. 3 4s a flowchart showing a routine for categorizing device use case

according to an embodiment.

[0012] FIG. 4 is a graphical representation of a fivst example of an effective
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orientation component in relation 1o pitch and role values according to an embodiment.

[0013] FIG. 5 is & graphical represontation of a second exaraple of an ctfective

orientation component in relation to pitch and role valuoes according to an embodiment.

[0014] FiG. 6 is a graphical representation of a pattern of use characteristics

consistent with a pocket atiribute according to an embodiment.

[O015] FIG. 7 14s a flowchart showing a routine for categorizing device use case

using at least one use case characteristic according to an embodiment.

[0016] FIG. 81s a graphical representation of use characteristics consistent with

normal motion and with unstable motion according to an embodiment,

(00177 FIG. 9 is a more detatled graphical representation of the ase characteristics
shown in FIG. § showing a pattern consistent with normal motion according {o an

embodiment.

[0018] FIG. 10 is a more detailed graphical representation of the use characteristics
shown in FIG. 8 showing a patiern consistent with unstable motion according to an

embodiment.

[0019] FIG. 11 s a tlowchart showing a routing for categorizing device use case for

anstable motion according {0 an embodiment.

[(3020] FIG. 12 is a graphical representation of the relationship between use
characteristics and a determination of a gencral device use case for unstable motion

according to an embodument.

[0021] FIG. 13 is a graphical representation of the relationship between use
characteristics and a determination of a pocket device use case for unstable motion

according to an embodiment

100221 FIG. 14 1s a graphical representation of the relationship between ase
characteristics and a determination of a dangling device use case for unstable motion

according io an cmbediment,

[0023] FIG. 15 is a flowchart showing a routine for categorizing device use case
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under normal motion according to an embodiment.

[0024] FIG. 16 is a graphical representation of the relationship between use
characteristics and a determination of a general device use case for normal motion

according to an embodiment.

[0025] FIG. 17 1s a graphical representation of a pattern of use characteristics

consistent with an on ear attribute according to an embodiment.

[(3026] FIG. 18 is a graphical representation of the relationship between use
characteristics and a determination of a pocket device use case for normal motion

according to an embodument.

(00271 FIG. 19 is a graphical representation of a pattern of use characteristics

consistent with a dangling attribute according to an embodiment.

(00281 FiG. 20 1s a graphical representation of signal peaks consistend with a pocket

device use case at normal walking speed according to an embodiment.

[0029] FIG. 21 18 a graphical representation of signal peaks consistent with a pocke

device use case at slow walking speed according to an embodiment.

[0030] FIG. 22 1s a graphical representation of signal peaks consistent with a belt

device use case according to an embodiment.

(00317 FIG. 23 is a flowchart showing a routine for categorizing device use case

using effective frequency according (o an embodiment.

[0032] FIG. 24 is a flowchart showing a routine for generating and storing Higen

use cases corresponding to device use cases according to an embodiment.

[0033] FIG. 25 is a flowchart showing a routine for categorizing device use case

using Figen use cases according to an embodiment.

[0034] FIG. 26 is a graphical representation of the relationship between use
characteristics and determination of a first sequence of device use cases when walking

according to an embodiment.

[0035] FIG. 27 1s a graphical representation of the relationship between ase

o
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characteristics and determination of a second sequence of device use cascs when

walking according to an embodiment.

[0036] FIG. 28 13 a graphical representation of the relationship between use
characteristics and determination of an arm device use case when running at different

speeds according to an embodiment.

(00371 FIG. 29 is a graphical representation of the relationship between use
characteristics and determination of a pocket device use case when rumning at ditferent

speeds according to an embodiment.

(00381 FIG. 30 s a graphical representation of the relationship between use
characteristics and determination of a chest device use case when nunming at ditferent

speeds according to an embodiment.

[(3039] FIG. 31 is a graphical representation of the relationship between use
characteristics and determination of a leg device use case when running at different

speeds according to an embodiment.

[0040] FIG. 32 is a graphical representation of the relationship between use
characteristics and determination of a dangling device use case when rumming at

different speeds according to an embodiment.

DETAILED DESCRIPTION
(00417 At the outset, it is to be undersiood that this disclosure is not himited 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 herein.

[0042] It 1s also to be understood that the termmology vsed herein is for the purpose
of describving particular embodiments of this disclosure only and is not intended to be

Hmiting.

[0043] The detailed description set forth below in connection with the appended
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drawings is intended as a description of exenplary embodiments of the present
disclosure and is not tntended to represent the only exemplary embodiments in which
the present disclosure can be practiced. The torm “exemplary”™ used throughout this
description means “serving as an example, instance, or tlustration,” and should not
necessarily be construed as preferred or advantageous over other exemplary
embodiments. The detailed description inchudes specific details for the prrpose 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 disgram form m order to avoid

obscuring the novelty of the exemplary embodiments presented herein.

(0044 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 of ¢hip embodiments. These and
stimilar directional terms should not be construed to limit the scope of the disclosure in

any nanncy,

[3045] In this specification and in the claims, it will be understood that when an
element is referred to as being “conuected 107 or “coupled to” another element, it can be
directly connected or coupled to the other clement or intervening clements may be
present. In contrast, when an element is referred to as being “directly connected t0” or

“directly coupled to” another clement, there arc no intervening elerends present.

[0046] Some portions of the detailed descriptions which follow are presented in
terms of procedures, logic blocks, processing and other symbeolic representations of
operations on data bits within a computer memory. These descriptions and
representations are the means used by those skilled in the data processing arts to most
effectively convey the substance of their work 1o others skilled in the art. In the present
application, a procedure, logic block, process, or the like, is conceived to be a self-
consistent sequence of steps or nstructions leading to a desired result. The steps are
those requiring physical manipulations of physical quantitics. Usually, although pot
necessaridy, these quantitics take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated in a

computer system.

-
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[0047] 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 application,

29

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

“selecting,” “determining,” “normalizing,” “muoltiplying,” “averaging,” “monitoring,”
“comparing,” “applying,” “updating,” “measuring,” “deriving” or the like, refer to the

actions and processes of a computer systen, or similar electronic computing device, that
manipulates and transforms data represented as physical {electronic) quantities within
the computer systent’s registers and memories into other data similarly represented as
physical quantitics within the computer sysiem memoerics or registers or other such

miormation storage, transmission or display devices.

[0048] FEmbodiments described hercin may be discussed in the general context of
processor-executable instructions residing on some form of non-transitory processor-
readable medium, such as program moddes, exccated by one or more computers or
other devices. Generally, program modules include routines, prograrss, objects,
components, data structuves, ete., that perform particular tasks or implement particular
abstract data types. The functionality of the program modules may be combined or

disiributed as desired in various embodiments.

[0049] 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 2 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 illustrate this interchangeability of hardware and software, various
ilustrative components, blocks, modules, civcuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends gpon the particular applcation and design constraints
imposed on the overall system. Skilled artisans may tmplement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be mterpreted as causing a departure from the scope of the present
disclosure. Alsc, the exemplary wireless communications devices may inchude

components other than those shown, including weil-known components such as a



WO 2016/016731 PCT/IB2015/001854

processor, memory and the hike.

[O050] The techniques described herein may be implemented o hardware, software,
firmware, or any combination thereof, unless specifically deseribed as being
implemented in a specific mamer. Any features described as modules or components
may also be implemented together in an integrated logic device or separately as discrete
but fnteroperable logic devices, If implemented in software, the technigues may be
realized at least in part by a non-transitory processor-readable storage mediom
comprising instructions that, when executed, performs one or more of the methods
described above. The non-transitory processor-readable data storage mediurn may form

part of & computer program product, which may include packaging materials.

(06051 The non-fransitory processor-readable storage medium 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 erasable programuable read-only memoery (EEPROM), FLASH memory,
other known storage media, and the like. The techniques additionally, or alternatively,
may be realized at least in part by a processor-readable communication mediom that
carrics of comumunicates code in the form of instructions or data structures and that can
be accessed, read, and/or executed by a cormputer or other processor. For exampie, a
carrier wave may be employed 1o carry computer-readable electronic data such as those
ased in transmitting and receiving electronic mail or in accessing a network such as the
Internet or & local arca network (LAN)Y. Of course, many reodifications may be reade to
this configuration without departing from the scope or spirit of the claimed subject

matier.

[0052] The various illustrative logical blocks, modules, circuits and instructions
described tn conmection with the embodiments disclosed herein may be exccoted by one
Of ToTe processors, such as one or more motion processing units (MPUs), digital signal
processors {DDSPs), general purpose microprocessors, apphication specific integrated
circuits {ASICs), application specific mnstruction set processors {ASIPs), field
programmable gate arrays (FPGAs), or other equivalent integrated or discrete logic
circuitry. The torm “processor,” as used herein may refer to any of the foregoing
structure ot any other structure suitable for tmplementation of the techniques described

herein. In addition, in some aspects, the functionality described herein may be provided
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within dedicated software modules or hardware modules contigured as described herein,
Also, the techmques could be fully implemented in one or more eircuits or logic
clements. A general purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontreller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of an MPU and a microprocessor, a phurality of
THCTOPTOCCSSOTS, 0N OF MOe MICIOPIocessars in conjunction with an MPU core, or any

other such configuration.

[0053] Unless defined otherwise, all technical and scientific teros used herein have
the same meaning as commonly understood by one having ordinary skill in the art to

which the disclosure pertains.

1003541 Finally, as used in this specification and the appended claims, the singular
forms “a, “an” and “the” include phural referents unless the content clearly dictates

otherwise.

[{(H355] During daily activity, a typical portable device may be in a muliitude of
positions including, handheld, swinging, on car, in a trouser or shirt pocket, in a beh
clip, on an arm band, leg mounted, chest mounted, or in a backpack. As will be
appreciated, the relationship between the device and the user may have a significant
impact on the data being measured by the different sensors of the device. Although the
sensors may detect purposetul motion of the user along a given heading, there may be
additional dynamics and motion that will also be reflected in the sensor data. For
example, when the user is fexting or talking on the device, the dynamics and motion of
the device raay be substantially different than when the device is being held in a
swinging hand, even though the overall motion of the user may be similar (e.g., walking
in the same direction at the same speed).  Accordingly, the techniques of this disclosure
may be employed to identify the device use case to help interpret the motion sensor
data. Detormining the dovice use case also facilitates estimation of the relative

grientation between the device and the user.

[0056] I one aspect, determination of device use case involves characterizing how
the user 18 carrying, holding, or using the device that may be in constrained or

unconsirained manner. For example, one benefit of determining a device use case is the
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ability to cstimate the relative orientation between the device and the user. In turn, the
estimated relative orientation may be used for applications such as developing a
navigational solution. The technigues presented here for categorizing use case may be
applicd in a wide variety contexts, including during on foot moetion of a user at different
speeds, such as walking, jogging, or running, as well as accommodating different
individual traits, such as varying gaits. To help llustrate examples of different device
use cases, FIG. 1 schomatically illustrates some common use cases for a user
undergoing ov foot motion. The depicted examples foclude: handbeld viewing, such as
when navigating {(when following a compass or route), texting, video recording,
reading, and may involve landscape, portrait or arbitrary orientations (including any
roll, pitch and heading) in FIG. 1A; belt mounted, including any belt clip, bolster,
holder or the like, at any location arcund the belt, and in any orientation, such as
horizontal, vertical, gr tilted at any angle in FIG. 1B; on car, when the device is
positioned on or near the user’s car for listening/talking in any orientation including
horizontal, vertical or tilted i F1G. 1C; chest mounted, with any device orientation
mechiding for example horizontal, vertical, or tilted at any angle i FIG. 1D; amm
mounted, whether left or right side, with any device orientation such as horizontal,
vertical, or tilted at any angle in F1G. 1E; leg mounted, whether left or right side, with
any device orientation such as horizontal, vertical, or tilted at any angle in FIG. IF;
dangling or swinging while held in hand or wrist mounted, in any orientation such as
horizontal or vertical, and/or undergoing different ranges of movement, such as very
light, ight, normal, or strong swinging in FI1G. 1G; and trouser pocket, whether fron,
side or back, with any type (tight pocket, loose pocket, etc.) and with any device
orientation including for example horizontal, vertical, or tiked in any pose i FIG. 1H.
A chest device use case may also inclade other device use cases in which the device is
associated with the trunk or upper torso of the user, such as being carried in a shirt
pocket or a backpack. In one aspect, use case may be dictated in part by the form factor
of device, such as in smart glasses that are worn on the face or a smart waich that is

wormn on the wrist.

(00571 In the above examples, the viewing, belt, on ear and chest device use cases
as shown in F1Gs. 1A-D may be considered sub-categorizations of a geoeral device use
case characterized by a relatively consistent orientation between the device and the user.

When viewing the device, such as for toxting, reading, navigating, image recording or
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the hike, or when talking on the device, the user may tend to keep the device ina
specific origntation during the use, of course this orientation can change, but it does net
typically experience recurrent changes or osciliations. Similarly, in the chest device use
cases noted above and the belt device use case, the device is constrained to some degroe
to the user’s trunk. Under these conditions, the motion of the device may be atfected to
a lesser degree by the movements of other body parts of the user, such as the arms
and/or fegs. As such, the motion experienced by the device may be similar to the
overall motion of the user. Further, during the arm, leg, dangling and pocket device use
cases depicted in FiGs. 1E-H, the device may be associated with a body part of the user
that is undergoing additional movement that is supplementary to the user’s overall
movement in the current direction of travel. Notably, the arm of & user may move
forward and backwards in a swinging motion during walking, while the leg may also
inclade up and down movements resulting from Hfting and fowering the feet.
Correspondingly, in the context of the arm device use case, the device may also
experience the forward and backward motion of the swinging arm and this fnflucnce
may be exacerbated by the additional degree of freedom of the clbow jomt. Similarly,
in the leg and pocket device use case, the device may also experience the leg motion to

varying degrees.

[3058] As noted above, the portable device subject to these various device use cases
may include a sensor assembly including inertial motion sensors providing
measurements that may be classify the deviee use case corresponding to the current
asage of the device by the user. To help illustrate these features, a representative
portable device 100 is depicted in FIG. 2 with high level schematic blocks. As will be
appreciated, device 100 may be implomented as a device or apparatus, such as a
handheld device that can be moved in space by a user and s motion, location and/or
orientation in space therefore sensed. For example, such a handheld device may be a
mobile phone (¢.g., cellular phone, a phone ruoning on a local network, or any other
telephone handset), tablet, personal digital assistant (PDA), video game plaver, video
gamg controlier, navigation device, wearable device (2., glasses, watch, belt clip},
fitness tracker, virtual or augmented reality equipment, mobile internet device (MID),
persenal pavigation device (PND), digital still camera, digital video camera, binoculars,
telephoto lens, portable music, video or media player, remote control, or other handheld

deviee, or a combination of one or more of these devices.
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[0089] As shown, device 100 includes a host processor 102, which may be one or
more microprocessors, central processing units {CPUs), or other processors to yun
software programs, which may be stored in memory 104, associated with the functions
of device 100, Multiple layvers of software can be provided in memory 104, which may
be any combination of computer readable medium such as electronic memory or other
storage mediom such as hard disk, optical disk, etc., for use with the host processor 102.
For example, an operating system layer can be provided for device 100 to countrol and
manage syster resources in real time, enable functions of application software and
other layers, and interface application programs with other software and functions of
device 100, Sumlarly, different software applcation programs such as meny navigation
software, games, camera function control, navigation software, communications
software, such as telephony or wireless local area network {WLAN) software, or any of
a wide variety of other software and functional interfaces can be provided. In some
enbodiments, mubtiple different applications can be provided on a single device 100,

and in sorae of those embodiments, multiple applications can run simultaneously.

[0060] Device 100 includes at feast one sensor assembly, as shown here in the form
of integrated motion processing vnit {MPU™) 106 featuring sensor processor 108,
memory 110 and inertial sensor 112, Memory 110 may store algorithms, routines or
other instructions for processing data output by inertial sensor 112 and/or other sensors
as described below using logic or controliers of sensor processor 108, as well as storing
raw data and/or motion data output by inertial sensor 112 or other sensors. Inertial
sensor 112 may be one or more sensors for measuring motion of device 100 n space.
Depending on the configuration, MPU 106 measures one or more axes of rotation
and/or one or more axes of acceleration of the device. In one embodiment, inertial
sensor 112 may include rotational motion sensors or inear motion sensors. For
example, the rotational motion sensors may be gyroscopes to measure angular velocity
along one or more orthogonal axes and the linear rotion sensors may be accelerometers
to measure near acceleration along one or more orthogonal axes. In one aspect, three
gyroscopes and three accelerometers may be employed, such that a sensor fusion
operation performed by sensor processor 108, or other processing resources of device
100, combines data from inertial sensor 1172 to provide a six axis determination of
motion. As desired, mertial sensor 112 may be implemented using Micro Electro

Mechanical Systerm (MEMS) to be integrated with MPU 106 in a single package.
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Exemplary details regarding suitable configurations of host processor 102 and MPU 106
may be foond in co-pending, commonly owned U.S. Patent Application Serial Nos.
13/774,488, filed Jol. 6, 1007, and 12/106,921, filed April 11, 1008, which are hereby
incorporated by reference fo their entirety.  Suitable tmplementations for MPU 106 in

device 100 ave available from InvenSense, Inc. of Summyvale, Calif,

RUE3Y Alternatively, or in addition, device 100 may implement & sensor assembly
i the form of external sensor 114, External sensor may represent One of more sensors
as described above, such as an accelerometer and/or a gyroscope, that outputs data for
categorizing, rocoguizing, classitying or otherwise determining device usc case. As
used herein, “external” means a sensor that is not integrated with MPU 106 and may be
remote or local to device 100, Also alternatively or in addition, MPU 106 may receive
data from an auxiliary sensor 116 configured to measure one or more aspects about the
environment surrounding device 100, For example, a barometer and/or a magnetometer
may be used to refine position determinations made using nertial sensor 112, In one
embodiment, auxiliary sensor 116 may include a magnetometer measuring along three
orthogonal axes and ocutput data to be fused with the gyroscope and accelerometer
mertial sensor data to provide a nine axis deternunation of motion. In another
embodiment, auxiliary sensor 116 may also inclade a barometer to provide an altitude
determination that may be fused with the other sensor data to provide a ten axis
determination of motion. Although described in the context of one or more sensors
being MEMS based, the techniques of this disclosure may be applied to any sensor

design or implementation.

[0062] In the embodiment shown, host processor 102, memory 104, MPU 106 and
other components of device 100 may be coupled through bus 118, which may be any
suitable bus or interface, such as a peripheral compoenent interconnect express (PCle)
bus, a universal serial bus (USB), a universal asynchronous receiver/transmitier
{UART) serial bus, a suilable advanced microcontroller bus architectire (AMBA)
interface, an Inter-Integrated Circuit (12C) bus, a serial digital input output (SBIO) bus,
a serial peripheral interface (SP) or other equivalent. Depending on the architecture,
different bus configurations may be employed as desired. For example, additional buses
may be used to couple the various components of device 100, such as by using a

dedicated bus between host processor 102 and memory 104,

14
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[0063] I one aspect, the various operations of this disclosure used to categorize a
device use case for portable device 100 may be implemented through categorizer 120 as
a set of suitable instructions stored in memory 104 that may be read and executed by
host processor 102, Other embodiments may feature any destred division of processing
between host processor 102, MPU 106 and other vesources provided by device 100, or
may be implemented using any desired combination of software, hardware and

firmware.

[0064] Multiple layers of software may be employed as desired and stored in any
combination of memory 104, memory 114, or other suitable location. For exanple, 2
motion algorithm layer can provide motion algovithms that provide lower-level
processing for raw sensor data provided from the motion sensors and other sensors, A
sensor device driver layer may provide a software interface to the hardware sensors of
device 100, Further, 2 suitable application program interface { AP} may be provided to
facilitate communication between host processor 102 and MPU 106, for example, to
transmit desired sensor processing tasks. As such, aspects implemented in software
may foclude but are vot Himited 1o, application software, firraware, resident software,
microcode, etc., and may take the form of a computer program product accessible from
a computer-usable or computer-readable medium providing program code for use by or
in connection with a compuier or any instruction execution system, such as host
processor 102, sensor processor 108, a dedicated processor or any other processing

resources of device 100,

[00635] Device 100 may also include navigational module 122 that employs a
reference-based strategy, a self-contained strategy, or any combination of strategics.
Navigational modulc 122 may provide any desired degree of location awareness
capabilitics. Represendative techuologies that may be cmboedied by navigational module

22 mciude global positioning system (GPS), global navigation satellite system
(GLONASS), Galileo and Beidou, as well as WiFi™ positioning, cellular tower
positioning, Bluctooth’ " positioning beacons, dead reckoning or other simifar methods.
Navigational module 122 may also be counfigured to use information from 2 wirciess
communication protocol to provide a position determyination using signal trilateration.
Any suitable protoco], inchuding cellular-based and wircless local area network

(WLAN} technologics such as Universal Terrestrial Radio Access (UTRA), Code
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Division Muldtiple Access (CDMA) networks, Global System for Mobile
Communications (GSM), the Institute of Electrical and Electronics Engineers (IEEE)
802.16 (WiMAX), Long Term Evolution (LTE), IEEE 802.11 (WiFi™) and others may
be employed. Alternatively or in addition, navigational module 122 may employ
mertial navigation techniques utilizing sensor data, such as from inertial sensor 112
and/or external sensor 114, Such techmigues may tnvolve dead reckoning or the ke,
and may determine an orientation for device 100, including values such as any roll,

pitch, and azimuth (heading) angles.

[0066] Generally, device use cases that have some constraint to the user’s trunk
exhibit relatively less movement in addition to the overall movement of the user.
Notably, these device use cases include the chest mounted example of FIG. 1D but also
the general example of FIG. 1A, Typically, when the user is actively viewing {or
mputting) content with a portable device, the user keeps the device in a relatively fixed
position with respect to the user’s trunk. In contrast, when the device 1s ina belt ¢lip, in
pocket, arm or leg mounted, or when the hand is swinging, such as in FIGs, 1B-1C and
1E-1G, the trunk motion of the user as well as additional motion attributable to
movement and interrelation of other body parts is reflected in the sensor data. Different
criteria may be employed to accommodate 8 user’s different speeds of locometion or
gain, or 1o acconumodate the varying spoeds, gaits, behaviors and dynamics of different

USCrS.

[0067] The following materials describe deriving use case characteristics from
processed and/or raw motion sensor data, determining an effective frequency of motion,
and/or determining an Eigen use case 50 that at least one of these factors may be used to
categorize a device use case for portable device 100, As such, representative operations
that may be performed by categorizer 120 are depicted in the flow chart of FIG. 3.
Beginming with 300, inertial sensor data may be obfained that represents motion of
device 100, such as from accelerometer and/or gyroscope data from inertial sensor 112
or any other suitable sources of measurement, including external sensor 114, The
inertial sensor data optionally roay be processed o 302 as indicated. Depending on the
embodiment, raw motion sensor data may be used and 302 may be omitted, the motion
sensor data may be processed in 302 and/or both processed and raw motion sensor data

may be employed. As will be described, processing may include performing filtering
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operations, such as with a low pass filter to reduce noise. Further, processing may
inchide loveling one or more sensor measurements to represent an orientation of device
100, such as in the form of determined roli or pitch angles that may be obtained from
navigation module 122 or by any other suitable means. The routine then may branch to
one, all or any combination of the operations indicated by 304, 306 and 308, In 304,
one or more use case characteristics may be derived from the processed and/or raw
motion sensor data. In 306, an effective frequency of the processed and/or raw motion
sensor data may be identificd. In 308, an Eigeo use case may be determined from the
processed and/or raw motion sensor data. Correspondingly, the results from any or all
of 304, 306 and 308 may be used to determine a device vse case for portable deviee 100
in 310. As noted above, the operations described as being performed by categorizer 120
may be performed by any mumber of routines or algorithms implemented by any
combination of available processing resouwrces. For example, initial processing of
gyroscope and/or accelerometer data, such as some or all of the operations associated
with 302, may be performed by seusor processor 108 before being passed 1o host
processor 104 for subsequent operations.  As described above, the present disclosure
relates to 8 method for categorizing a device use case for on foot motion with a portable
device that may include obtaining motion sensor data corresponding to motion of the
portable device, processing the motion sensor data, performing at least one of deriving a
use case characteristic from the processed and/or raw motion sensor data, determining
an effective frequency from the processed motion and/or raw sensor data and
determining an Higen use case, such that categorizing the device use case of the portable
device may use the processed and/or raw motion sensor data and at least one of the use

case characteristic, the effective frequency and the Eigen use case.

[0068] In one aspect, processing the motion sensor data may include transforming
the motion sensor data at least in part with a determined orientation of the portable
device. For example, vertical acceleration may be characterized by leveling
accelerometer data using the determined orientation of the portable device. Vertical
acceleration may also be characterized by subtracting gravity. Horizontal motion may
alse be characterized by leveling sceclerometer data using the determined orientation of

the portable device. Still further, magnitude may be determined for gyroscope data.

RuESY In one aspect, deriving the at least onc use case characteristic may include
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performing a statistical analysis. For example, an effective orientation component may
be determined. Further, peaks in the effective orientation compoenent may be detected.
Detecting peaks may include applying a threshold determined at least in parton a

statistical analysis of the effective orieuntation component.

[{(H370] in one aspect, deriving the at least one use case characteristic may include

determining a radius of rotation value for the pertable device.

[0071] In one aspect, deriving the at least one use case characteristic may include
detecting peaks in the processed and/or raw motion sensor data. For example, peaks
may be detected by applying a threshold determined at least in part on a statistical
analysis of the motion sensor data. The motion senor data may be leveled/mon-leveled,
processed/raw sensor data. Further, detecting peaks may include determining peaks
frequency. Still further, a range of the peaks frequency may be determined, such as by

determining a threshold for the range of the peaks frequency.

[0072] In one aspect, deriving the at least one yse case characteristic may nclude
assigning an attribute to the motion sensor data. The at icast one attribute of the
processed and/or raw motion sensor data may be assigned based at feast in part on a
derived use case characteristic. Examples of atiributes that may be assigned include a
not dangling atiribute, a dangling attribute, a pocket attribute, a radius of rotation
attribute, a slow radius of rotation atiribute, a general attribute, a belt atiribute and an on

ear attribute.

[0073] In one aspect, unstable motion characteristics may be idontified.
Correspondingly, categorizing the device use case of the portable device may nclude

assigning at least one attribute of the processed motion and/or raw sensor data.

[0074] In one aspect, normal motion characteristics may be identified.
Correspondingly, categorizing the device use case of the portable device may be based
on at least one of the following: (i) a statistical analysis of the processed and/or raw
maotion sensor data; (i) a statistical analysis of an effective orientation component; (i)
a radius of rotation value; (iv) identifying a number of peaks in the processed and/or
raw motion sensor data and comparing it to a threshold; and (v} a range of peaks in the
processed and/or raw motion sensor data. Alternatively or in addition, categorizing the

device use case of the portable device may be based at least in part on detecting a
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characteristic patiern of peaks in the processed and/or raw motion sensor data.
Categorizing the device use case of the portable device may also be based on a range of
peaks in the processed and/or raw motion sensor data. Also alternatively or in addition,
categorizing the device use case of the portable device may be based at lcast in part on

assigning at least one atiribute of the processed and/or raw motionsensor data,

[0075] In one aspect, categorizing the device use case of the portable device may be
based on an effective frequency in the processed and/or raw motion sensor data. The
effective frequency may be determined using a frequency domain analysis, such as a
Fast Fourier Transformation (FFT). Alternatively, the effective frequency may be
determined using a time domain analysis. In one aspect, the effective frequency may be
determined using a time domain analysis and by calculating a signal power and a power

ratio of the processed and/or raw motion sensor data.

[0076] In one aspect, categorizing the device use case of the portable device may be
based on determination of an Eigen use case. For example, features extracted from the
processed and/or raw motion sensor data may be matched to at least one stored Eigen
use case to determine the device use case. The at least one stored Eigen use case may

include a set of cigenvectors developed during a training phase.

[0077] In one aspect, a navigation sglution for the portable device may be derived

bascd at least in part on the motion sensor data and the categorization of device use

case.
[0078] This disclosure also includes a portable device for categorizing a device use

case for the portable device that may have a sensor assembly integrated with the
portable device, configured to output data representing motion of the portable device, a
processor configured to process the motion scusor data and a categorizer configured to
perform at least onc of the operations of deriving a use case characteristic from the
processed and/or raw motion sensor data, determining an effective frequency from the
processed and/or raw motion sensor data and determining an Eigen use case, such that
the categorizer determines a device use case for the portable device using the processed
and/or raw motion sensor data and at least one of the use case charactenstic, the

effective frequency and the Eigen use case.

[0079] In one aspect, the portable device may also include a navigation module
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configured to provide a navigation solution for the portable device derived at least in

part on the motion sensor data and the determined device use case.

usy In one aspect, the sensor assembly of the portable device may include an

accelerometer and a gyroscope.

(3081 In one aspect, the sensor assembly may include an mertial sensor
A ; ¥ ma;

implemented as a Micro Electro Mechanical System (MEMS).

EXAMPLES

[0082] As described above, the techniques of the disclosure may involve processing
the motion sensor data to level or translate between different reference frames as
represented by 302 of FIG. 3. Depending on the embodiment, the operations associated
with processing the motion seusor data may be distributed between categorizer 120,
MPU 106 and any other processing resources of device 100 in any desired proportion.
Further, the types of processing performed may be adapted as warranted. In one aspect,
accelerometer and/or gyroscope data may be processed using Euler rotations,
guaternions or other methods to convert the output of inertial sensor 112 from the
coordinate system of device 100, or iis body frame, to a suitable reference coordinate
system, such as the local level frame. While the body frame may be cstablished by the
orthogonal axes of inertial scusor 112, the lecal level frame, as an iHustration only and
without hnutation, may include any suitable reference, such as a North, Hast, Down
{(MNED) convention, n which down is aligned with gravity, or East, North, Up (ENU).
In the following discussion, the roll angle is defined as the angle that rotates around x-
axis of the body frame while pitch angle 1s defined as the angle that rotates around y-
axis {after levelling with roll angle). In onc aspect, horizontal and/or vertical
components may be exiracted from the motion sensor data. Other coordinate systems,
reference frames and/or translation techniques such as quaternions may be used as
desired. Pitch and roll angles may be calculated from gyroscope data, from
accelerometer data or averaged accelerometer data {whether fixed-time average or
moving average), and/or an integrated navigation solution as obiained from navigation
module 1272 using any type of integration technique and jntegrating different sensors

and/or systems for example some or all of the following: accelerometers, gyroscopes,
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magnetometers, barometer, or any navigational information updates {such as, for

. — Y] . . . .
example, GNSS, WiFi™, or any other wireless technique). Other suitable techniques
may also be employed. Processing the motion sensor data may also include removing a

gravity value fror the leveled vertical accelerometer data.

(0831 Depending upon the device use case, categorizer 120 may derive one or
more use case characteristic in 304 when determining the deviee use case n 310 of FIG.
3. As described in the following materials, a number of suitable use case characteristics

may be employed.

[(084] In one aspect, the use case characteristic omployed i 304 of FIG. 3 may bea
determined effective orientation component. Signal orientation may be defined by the
roll and pitch angles which indicate the orientation of device 100, Accordingly, the
degree of change in the value for these angles may dentity which is move significantly
affected by motion of the user. Since device 1) may bave any orientation, the roll may
range between -180° and “180° while the pitch may range between -90° to 90°°,
Correspondingly, the effective orientation component refers to either the roll or pirch
component, depending on which is more affected by user motion. As an illustration, the
top graph of FIG. 4 shows the roll angle for device 100 over time as trace 400 and the
pitch angle as trace 402, As a result, the bottom graph indicates that the roll angle 18
ased to generate the effective orientation component represented by trace 404, This
derived component may be centered around rero degrees as shown if desired. For
comparison, the top graph of FIG. 5 shows the pitch angle tor device 100 as trace 500
and the pitch angle as trace 502, resulting in the effective orientation component

represented by trace 504 corresponding to the pitch angle.

[0085] In one aspect, the use case characteristic employed in 304 of FIG. 3 may bea
parameter caleudated from the processed and/or raw motion sensor data and/or the
effective orientation component. The parameter may be statistical or another feature.
For example, the mean, standard deviation and/or range may be determined for a
desired component of the motion sensor data. This may include performing a statistical
analysis on the processed data, such as the leveled accelerations. As will be
appreciated, such parameters may indicate signal features such as strength and range of
variation. The calculated parameter roay also be the magnitude of one or more

components of the motion sensor data, such as the magnitude of the gyroscope and/or

1
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the accelerometer data in three dimensions. Another suitable parameter includes the
change in slope of a processed and/or raw motion sensor data component and/or an
cffective orientation component. For example, the change in slope of horizontal
acceleration may be used to identify periodicity in motion of the user. Yet another
example of a suitable parameter is the sum of differences of the roll and pitch data
representing orientation of device 100, as relatively large sum of difference valaes
imply a sharp slope change of the signal and relatively small sum of difference values

wmply a flat signal.

[0086] In one aspect, the use case characteristic employed in 304 of F1G. 3 may
mvolve an analysis of peaks n the signal of & component of the processed and/or raw
motion sensor data, magnitude of processed and/or raw motion sensors data, and/or an
effective ovientation component. Without limitation, peaks may be detected in a raw
acceleration data, leveled horizontal accelevation component, a leveled vertical
acceleration component and/or an effective origntation component and different
detection criteria may be employed for each signal. One suitable criterion is the slope
threshold value for change in slope that when exceeded results in detection of a peak.
Since the appropriate slope threshold may vary depending upon different dynamics of
an individual user undergoing different kinds of locomotion or the dynamics of different
users, a slope threshold value may be sot as a fixed number or determined using the
statistical paramcters discussed above, such as range and standard deviation values. The
slope threshold values may then be incremented or decremented according to the
required number of peaks to be detected in the signal of interest. Different movement
dynamics may be taken into consideration, including the speed of the user or
walking/ruoning style. These characteristics may be established, for example, by
experiment to determine the corresponding ranges of vertical acceleration. Thus, the
slope threshold may be adjusted to fit the motion style of the user. Peak detection may
also fovelve removing certain peaks that may not meet other criferia. For example, high
peaks may be required to be greater than the signal of interest mean value and low

peaks may be required to be less than the signal of interest mean value.

[O087] Further, values may calculated with respect to the signal mean such that the
range of values greater than the mean and less than the mean is proportional to the
variation in the signal values. Additionally, the thresholds may be adapted according

the amplitude of the signal to sccount for unexpected and/or Urregular moving behavior.

ol
RSl
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For example, diffcrent values may be assigned as thresholds for the raw accelerations,
feveled horizontal acceleration, leveled vertical acceleration, and effeciive orientation
signals. These thresholds may be used to rocoguize various signal dynamics and

shapes. Signal mean and standard deviation values may be used to caleulate the
thresholds, with the assigned values adapted to changes in the signal shape and
characteristics in order to scale for the different behaviors of the user dynamics. For
cach signal, two or more values may be calculated with respect to the signal mean,
nclading values above the mean values below the mean. The range of these values may

also be proportional to the variation in the signal values.

[O08E] Once a signal peaks are detected, the peaks frequency may be assessed. In
one embodiment, the high and low peaks in the levelled vertical acecleration signal over
a window of data may be used to calculate a peaks frequency value. Frequency may
refer to the number of peaks per second such that the time difference between
consecutive high and low peaks may be summed and averaged. Multiplying the result
by the sample rate of the sensor gives the peaks frequency, which may correlate with the
locomotion speed of the user as a shorter period of repetition tends to ndicate more

rapid movement.

(0089 Another attribute that may be assessed following peaks frequency
calculation is a peaks frequency range value, which may be caleulated from a history of
the peaks frequency valaes. The peaks frequency range values provides an indicator
about the consistency of the user speed and may be observed over a period of time to
cvaluate bebavior of the wser. Yet another aitribute that may be assessed following peak
detection is a peaks frequency range threshold that relates to the variation in 2 motion
sensor data component, sach as vertical acceleration. When a relatively large variation
exists in the component, it may be desirable to employ a relatively larger threshold

value,

[0090] In one aspect, the use case characteristic employed in 304 of FIG. 3may be a
radios of rotation parameter. The value of the radius of rotation parameter provide
information about the device movement such that relatively smaller values represent a
relatively greater change m the device movement while the relatively larger values
represent less change. Further, a radius of rotation counter may be used to indicate the

nurmber of motion sensor data samples that have radius of rotation values less than
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certain threshold. This counter reflects the amount of change orientation of device 100,

The value of the threshold may correspond to a candidate device use case. For example,
the values of the radius of rotation may be larger when device 100 is in general viewing

made, such as being held in hand for texting or reading, than in danghing mode, when

device 100 is held in a swinging hand.

(0091 in one aspect, the use case characteristic employed in 304 of FIG. 3 involves
identitying an attribute associated with a pattern of processed and/or raw motion sensor
data that may be used to influence the device use case determination. A number of
atiributes and their associated patterns of processed and/or raw motion sensor data are
described 1 the teliowing materials, but the techniques of this disclosure are not imited
to these embodiments and others may be applied as suitable. For convenience, some of
these attributes employ stmilar terminology to one or more potential device use cascs,
but typically the identification of an atiribuie alone is not determinative of the device
use casce and instead constitutes a coniribution 1o the overall determination in

conjunction with other use case characteristics.

[0092] Oue representative example of an atiribute that may be identitied fora
pattern of processed and/or raw motion sensor data is a “not dangling” attribute.
Dangling device use cases tend to be associated with horizontal and vertical acceleration
signals that exhibit a relatively smooth shape, so the not dangling attribute may be
assigned when the motion sensor data is not sufficiently smaocth. In onc cmbodiment, if
the vertical accelerometer signal has two peaks relatively close to each other with an
oppositely oriented peak in between, the not dangling attribute may be assigned.
Conversely, a “dangling” attribute may be assigned when a motion sensor data
component is sufficiently smooth. In one embodiment, this attribute roay be assigoued
based on accelerometer signal parameters. When the user is holding device 100 m a
swinging band, the horizontal acceleration component may have a larger range than the
vertical acceleration component as the horizomdal compounend is augmented by the
swinging arm motion. As such, when a pattern of motion sensor data has a leveled
horizontal acceleration component with a larger variation in magnitude than the leveled
vertical acceleration component, the dangling attribute may be assigaed.

[0093] Another representative example of an attribute that may be identified fora
pattern of processed and/or raw motion sensor data is a “pocket” attribute, which may

be used fo help reach a determination of a pocket device use case. In one embodiment,
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a combination of different peak detections for different signals may be employed, such
as the high and low peaks of the effective orientation component, the raw aceclerations,
the leveled horizontal acceleration signal and/or the icveled vertical acceleration signal.
The order of the peak cccurrences and relative differences between the peaks of the
different signals may present one or more patterns that may be associated with a pocket
device use case. An illustration of a suitable pattern is depicted in FIG. 6, which
exhibits a sequence of peaks 600 in the vertical acceleration signal represented by irace
602, in the horizontal acceleration signal represented by trace 604 and in the offective
orientation component represented by trace 606, As shown, peak sequence 600 includes
low peak 608 in the effective orientation component, followed by fow peak 610 in the
horizontal acceleration signal, then high peak 612 1o the vertical acceleration signal and
then high peak 614 m the horizontal acceleration signal. Other peak sequences may
alsc be associated with the pocket device use case. The assignment of the pocket
aitribute may also depend on other identified attributes. For example, the pocket

attribute may be assigned only i€ the dangling attribute is not assigned.

[0094] Yet another representative exanple of an attribute that may be identified for
a pattern of processed and/or raw motion seosor data is a “radius of rotation” atiribute,
which may be used to indicate variation in the movement of device 100, As discussed
with regard to the radius of rotation use case characteristic, a counter may be employed
to track the mumber of times the radivs of rotation values are less than an appropriate
threshold. As an illustration, the vertical acceleration variance values may be divided
into four lovels from 0 to 30 and a radius of rotation counter threshold value may be set
according to the different levels of the vertical aceeleration variance. The values of the
radius of rotation counter and threshold are compared to assign the radius of rotation
attribute. In one embodiment, the atiribute may be assigned when the counder 1s less

than the threshold.

[0095] Another related exaraple of an ativibute that may be identified for a patiern
of motion sensor data is a “radius of rotation slow” attribute to help distinguish between
different gaits and speeds. This attribute may be assigned based on the radios of
rotation counter value, the maximui change in the rolf and pitch values, the variation in

the gyroscope magnitude and the vertical acceleration vartance value,

[(3096] Another representative example of an attribute that may be identified fora

paticrn of processed and/or raw motion sensor data is a “general” atiribute, which may
& 3 o
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be used to categorize device use cases that do not include danghing or pocket device use
cases, such as viewing, belt, on car and chest. Suitable parameters that may be used to
assign the general attribute include radius of rotation, vertical acceleration variance, and
variation in rell and piich angles. In one embodiment, the general attribute may be
assigned is set based on the radius of rotation and radius of rotation slow attributes. For
example, when the vertical acceleration variance is small, the general attribute may be
assigned in coordination with the radius of rotation slow atiribute and when the value of
the vertical acceleration vartance is high, the general atiribute may be associated with

the radius of rotation attribute.

[G097] Other atiributes may be assigned to help distinguish between device use
cases that exhibit sinilar patterns of processed and/or raw motion sensor data. One
such attribute is a “belt” attribute to differentiate the pocket device use case. Generally,
the pocket device use case exhibits greater variation in oricntation angles (voll and
pitch) than the belt use case. However, in some cases, such as when belt clip is loose,
maotions sensor data when device 100 1s mounted on a belt appears similar to the data
when carried in a pocket. Cosrespondingly, this attribute may be used to distinguish
between the pocket and belt device use cases. In one embodiment, the belt attribute
may be assigned based on the variation in movement of device 100, the values of the
orientation angles (roll and pitch), and the variation in the orientation angles. Further,
variation in the vertical acceleration high and low peaks may also be craployed,
optionally in conjunction with the number of vertical acceleration and horizontal

acceleration high and low peaks.

[0095] Another representative example of an attribute that may be identified fora
pattern of processed and/or raw motion scusor data is an “on ear” attribute.  While
making a phone call, device 100 may be held by the user in different orlentations such
as with the speaker facing backwards or upwards, or at other positions. As such, the on
car attribute may be assigned based on the value of the orientation angles (roli and
pitch) and the variation in the horizontal acceleration signal in one embodiment. For
example, the sequence of the vertical acecleration high peaks and their location with
espect to cach other may be used to assign the on ear attribute. Further, the shape of
the horizontal acceleration sigoal shape may also be used when assigning the one car

atiribute.

RuESY Uther representative examples of attributes that may be iderdified for a

[\
on
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patiern of processed and/or raw motion sensor data are the “leg” and “arm” attributes.
The leg attribute may be used to identify when device 100 is mounted to the leg of the
user. In one embodiment, the horizontal acceleration may have a greater variation (in
range and variance) than the vertical acceleration. For example, the ratio between the
range of the horizontal and vertical acecleration may be greater than two-fold.
Similarly, the arm attribute may be used when device 100 1s attached to the gser’s arm.
In one embodiment, the sequence of the vertical and horizonial pesks cccurrence may
be used in assiguning this attribute. Typically, an arm device use case exhibits a specific
sequence of high and low peaks, with the values of the peaks located around the average
value of the peaks at any side. For example, 8 sequence may comprise three or more
high peaks or three or more low peaks that alternate between being greater thao the

average value and being less than the average value.

[00100] As noted, the techniques of this disclosure may include determining a
device use case with categorizer 120 based ov one or more derived use case
characteristics as represented by 304 of FIG. 3. In one embodiment, a suitable routine
for making soch a determination is depicted in the flow chart of FIG. 7. As shown,
beginning with 700 this may include calculating one or more parameters for the
processed motion sensor data of 302 and/or the raw motion sensor data of 300 of FIG. 3,
such as the mean, standard deviation, range, variation, or other suitable parameter,
cither as described above or otherwise within the scope of this disclosure. In 702, the
effective ovientation component may be determined. fn 704, peaks may be detected in
one or more components of the processed and/or raw motion sensor data, such as the
leveled acceleration signals and/or the effective orientation component. Next, in 706
the peaks frequency range for the detected peaks may be determined. In 708, the peaks
frequency range threshold may be set. Tn 714, the radius of rotation threshold may be
set, As described above, thresholds may be set or adjusted based on any suitable
parameters of the processed and/or raw motion sensor data to accommaodate varying
user dynancs, for example. Then, in 712, one or more atiributes of the processed
and/or raw motion sensor data may be identified. The materials above deseribe the not
dangling, dangling, pocket, radius of rotation, radios of rotation slow, general, belt, on
car, arm and leg attributes. In addition, other suitable atiributes may be identified in a
similar manner as warranted based oun the poterdial device use case categories or other

factors.

<
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100101} As indicated by 714, the routine may branch depending on whether the
parameters and other use characteristics of the processed and/or raw motion sensor data
arg consistent with unstable motion or normal motion. For example, parameters
associated with the acceleration signal, including the total magnitude of accelerometer
data as may be determined in 700, the peaks frequency range determined 1n 706 and the
peaks frequency range threshold set in 708, may be used to distinguish between unstable
and normal motion as illustrated by the graphs shown in FIG. 8. The top graph shows
the accelerometer data total magoitude represented by trace 800 while the bottorn graph
shows the corresponding peaks frequency ranges represented by trace 802 in relation to
the peaks frequency range threshold represented by trace 804, During window 806,
shown in greater detail in FIG. 9, these parameters are consistent with normal motion,
while during window 808, shown in greater detail in FIG. 10, these parameters are
consistent with unstable motion. One embodiment that may be implemented when
unstable motion characteristics exist is indicated by 716 and described in further detail
with regard to FIG. 11 and one ershodiment that may be taplemented when normal
maotion characteristics exist is indicated by 718 and described in further detail with
regard to FIG. 15, Depending upon the results from 716 or 718, the routine may then

determiine a device use case i 720.

[00102] As shown m FIG. 9, the peaks frequency range threshold represented by
trace 804 is greaier than the peaks frequency ranges represented by trace 802 during
window 806, while the shape of the accelerometer data total magnitude represented by
trace 800 is relatively regular and even. Conversely, FIG. 10 shows that the peaks
frequency ranges represented by trace 802 regudarly exceeds the peaks frequency range
threshold represenied by trace 804 during window 80¥ and the shape of the
accelerometer data total magoitude represented by trace 800 is irregular with significant
variation between the values of adjacent peaks. Accordingly, either an unstable motion
routine as indicated by 716 or a novmal motion routine as indicated by 718 may be

performed based on these distinctions.

[00103] With regard to FIG. 11, aspects of one embodiment of unstable motion
routine are represented by the depicted flow chart.  As indicated, this routine involves 2
comparison of the attributes identified in 712, Beginning with 1100, categorizer 120
may first determine whether the general attribute has been assigned to the processed

and/or raw motion sensor data. If so, the routine flows to 1102 to determine which
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other attribute has been identified and assigned that may be used to determine the device
ase case. For example, following assignment of the general attribute, the determined
device use case may depend on whether an attribute such as on car or belt has alse been
assigned. Other attributes may be cmploved as warranied. For example, a goneral
attribute may be employed when other attributes are not assigned. In 1104, the routine
returns to 720 for determination of device use case using the other attribute of 1102,
When the general attribute has not been assigned in 1 104, categorizer 120 may then
determine in 1106 whether the leg ativibuic has been assigned 1o the processed and/or
raw motion sensor data. 150, the routine flows to 1104 to return fo 720 and determine
a leg device use case. Otherwise, categorizer 120 determines in 1108 whether the
dangling attributc has been assigned. I so, the routing flows to 1104 1o roturn 10 720
and determine a dangling device use case. Otherwise, categorizer 120 determings in
1110 whether the arm atiribote has been assigned. If so, the routine flows to 1104 to
return to 720 and determing an arm device use case. Otherwise, categorizer 120
determines in 1112 whether the pocket attribute has been assigoned. 1 so, the routine
flows to 1104 1o return to 720 and determine a pocket device use case. When the pocket
atiribute has not been assigned in 1112, the routine flows to 1104, At this stage, since
no atiributes bave been assigoed, it may be desirable to assign the general attvibute and

return a device use case of general in 720,

100104 A first illustration of an unstable motion routine of 716 is provided in
FIG. 12. The top graph shows the status of the general attribute assignment, represented
by trace 1200. A value of | indicates the attribute has been assigned and a valoe of §
indicates the attribute has not been assigned. The middle graph shows the siatus of the
pocket attribute assignment, represented by trace 1202, The bottom graph shows the
result of the device use case determination, represented by trace 1204, During periods
when the general ativibute is assigned, a general device use case is determined when
none of the attributes associated with 1102 are assigned as indicated. As such, the
status of the pocket atiribute assignment does not affect the device use case
determination when the general atiribute is assigned in this embodiment. During
criods when the geoneral attribute is not assigned, it may be scen that the pocket
attribute is also not assigned. Accordingly, the detormined device use case may also be

general under this condition as discussed above,
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(001057 Another illustration of an unstable motion routine of 716 is provided in
FIG. 13. Again, the top graph shows the status of the general atiribute assigoment,
represented by frace 1300, the middie graph shows the status of the pocket attribute
assigniuend, represented by trace 1302 and the bottom graph shows the result of the
device use case determination, represented by trace 1304, During periods when the
general attribute 1s not assigned and the pocket attribute is not assigned, a general
device use case is determined. However, when the general attribute is not assigned,
assignment of the pocket attvibute returns a pocket device use case determination

consistent with 1112,

[00106] Yet another illustration of an unstable motion voutine of 716 15 provided
in FIG. 14, Here also, the top graph shows the status of the general attribute
assignment, represented by race 1400, the middle graph shows the status of the
dangling attributc assigoment, represented by trace 1402 and the bottom graph shows
the result of the device use case determination, represented by trace 1404, Tharing
periods when the gencral attribute s not assigned and the dangling attribute is assigned,

a dangling device use case is deternuned.

[00107] With regard to FIG. 15, aspects of onc cmbodiment of a normal motion
routine are represented by the depicted flow chart. Beginning with 1500, categorizer
120 may first determine whether to employ signal parameters, such as those derived in
700, to determine the device use case. If suitable conditions exist in 1502, as described
below, the routine flows to 1504 for making a preliminary device use case
determination using the signal parameters. In one embodiment, suitable signal
parameters may include a statistical analysis of the processed and/or raw motion sensor
data, a statistical analysis of the effective orientation component, the radius of rotation
pararaeters, and/or characteristics of peaks in the processed and/or raw motion sensor
data or any combination thereot, Then, in 1506, a determination is made whether the
result is a general device use case. If so, the routine flows to 1508 to determine which
another attribute has been identified and assigned that may be used to subcategorize the
general device use case. For example, following assignment of the general aitribute, the
determined device use case may depend on whether an attribute such as on ear or belt
has also been assigned. Other atiributes may be employed as warranted. For example, a

general attribute oay be emploved when other attributes are not assigned. I 1510, the
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routine returns to 720 for determination of device use case using the other attribute of
1508. When the device use case s not general in 1506, the routine may flow directly to
1510 and return to 720 where determination of the device case may include the result

from 1504,

[00108] When suitabic conditions do not exist for categorizing using signal
pararaeters in 1502, categorizer 120 may then determine in 1512 whether to employ
signal peaks for determining the device use case. If so, the routine flows to 1514 for
categorization using signal peaks. Following categorization in 1514 the route rejoins
the flow at 1506 to follew the operations described above. Similarly, if suitable

conditions do not exist for employing signal peaks, the routine rejoins the flow at 1508,

[00109] o one aspect, a representative exaraple of categorization using signal
parameters as indicated by 1504 is depicted in F1G. 16, The graph of FIG. 16A shows
the mean of the gyroscope data magnitude, represenied by trace 1600, and the
corresponding threshold, represented by trace 1602, while FIG. 16B shows the standard
deviation of the gyroscope data magnitude, represented by trace 1604, and the
corresponding threshold, represented by trace 1606, Next, the graph in FIG. 16C shows
the maximum range value of the roll and pitch angles, represented by trace 1608, and
the corresponding threshold, reprosented by trace 1610, while FIG. 16D shows the
maximum standard deviation value of the roll and pitch standard deviation values,
represented by trace 1612, and the corresponding threshold, represented by trace 1614,
Finally, FIG. 16E shows the result of the device use case detormination employing these
signal parameters, represented by trace 1616, Here, the gyroscope magnitude mean and
standard deviation values and the change in the roll and pitch valoes are relatively
small, resulting in determination of a general device use case as indicated. As noted
with regard to 1508, other assigned attributes may be employed to determine on car, belt
or other device use cases, For example, FIG. 17 shows the relationship between the
ranges of the vertical acceleration signal, represented by trace 1700, and the horizontal
acceleration signal, represented by trace 1702, In particular, the vertical range,
represented by trace 1704, is significantly farger than the horizontal range, represented
by trace 1706. As described above, this may be used to assign the on ear attribute to
this patiern of motion sensor data, so that 1508 returns a determination of an on car

device use case,
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100110} Another example of categorization using signal parameters as indicated
by 1504 is depicted in FIG. 18. The graph of FIG. 18A shows the mean of the
gyroscope data magnitude, represenied by trace 1800, and the corresponding threshold,
represented by trace 1802, while FIG. 188 shows the standard deviation of the
gyroscope data magnitude, represented by trace 1804, and the corresponding threshold,
represented by trace 1806, Next, the graph in FIG. 18C shows the maximom range
value of the roll and pitch angles, represented by trace 1808, and the corresponding
mrininim threshold, represented by frace 1810, and maximoum threshold, represented by
trace 1812, while FIG. 18D shows the maximum standard deviation value of the roll and
pitch standard deviation values, represented by trace 1814, and the corresponding
minimum threshold, represenied by trace 1816, and moaximmm threshold, represented by
trace 1818, Finally, FIG. 18E shows the result of the device use case determination
employing these signal parameters, represented by trace 1820, Here, the gyroscope
magnitude mean and standard deviation values arg relatively high and the change in the
roll pitch values are relatively small, resulting in determination of a pocket device use
case as ndicated. As noted with regard to 1508, other assigned atiributes may be

emploved to determine on ear, bek or other device use cases.

00111 In another representative example, FIG. 19 shows the relationship
between the ranges of the vertical acceleration signal, represented by trace 1900, and the
horizontal acceleration sigoal, represented by trace 1902, As shown, the vertical range,
represented by trace 1904, is approximately 19 and the horizontal range, represented by
trace 1906, is approximately 33, Since the horizontal component indicates greater
influence from the user motion, the dangling attribute may be assigned to this pattern of
motion sensor data, so that 150% returns a determination of a dangling device use case,
Although not shown, the gyroscope mean and standard deviation and change in roll and
pitch values are moderaic in this situation with the summation of the horizontal
acceleration high and low peaks mumber less than a certain number, such as for example
5. As indicated by 1908, a total number of three horizontal acceleration peaks may be

identified in this example.

(00112} As will be appreciated other patterns of signal parameters may also be
identificd that enable determination of a device use case. However, when no suitable

pattoms are identified, the routing shown in FIG. 15 may flow to 1512 1o determine f
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categorization using signal peaks may be employed. Depending on the embodiment,
different combinations of signal components and parameters may be analyzed with
respect to the relationship between their high and low peaks. For example, the effective
oricutation component, vertical acceleration and horizontal acceleration signals may be
used. The relative location of the different peaks to each other may provide an
indication of the appropriate device use case, such as by comparing statistical featies
including mean, standard deviation and range. As described above, different thresholds

may be employed to detect useful peaks for this analysis.

(00113} Une represcutative example of categorization using signal peaks as
mdicated by 1514 is depicted in FIG. 20. As shown, the vertical acceleration signal,
represented by trace 2000, the horizontal aceeleration signal, represented by trace 2002
and the effective crigntation component, represented by trace 2004 feature a
combination of high and low peaks. Peak grouping 2006, comespounding to the
sequence of a vertical high peak, a horizontal low peak and an effective orientation
component low peak may be characteristic of a pocket device use case. In this example,
the data was obtained while the user was walking at a normal speed. For comparison,
FIG. 21 shows a similar pattern corresponding to a slow walking speed. The vertical
acceleration signal, represented by trace 2100, the horizontal acceleration signal,
represented by trace 2102 and the effective orientation component, represented by trace
2104 also feature a combination of high and low peaks. Here, peak grouping 2106
corresponds to the sequence of a vertical high peak, an effective orientation component
low peak and a horizontal high peak may also be characteristic of a pocket device use
case. Another represcentative example of categorization using signal peaks as indicated
by 1514 is depicted in FIG. 22, As shown, the vertical acceleration signal s represented
by trace 2200 and the horizontal acceleration signal is represented by trace 2202,
Accordingly, ranges between corresponding peaks, such as range 2204 between vertical
acceleration signal high peaks and range 2206 between horizontal acceleration signal
high peaks may be determined. This pattern features a vertical range 2204 that is

greater than the horizontal range 2206 that may be indicative of a belt device use case.

[00114] In another aspect, the techmiques of this disclosure may include
determining a device use case with categorizer 120 based on a determined effective

frequency of the processed and/or raw motion sensor data as noted above tn reference to
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306 of FIG. 3. The effective frequency corresponds to periodic characteristics that may
be associated with the motion of the user, such as prodaced by the user’s stride. The
ctfective frequency of the user movement may be calculated in the time domain, the

frequency domain or both.

(001157 Accordingly, in one embodiment, categorizer 120 (e.g.), may derive the
effective frequency in the time domain from the peaks frequency of a signal as
described above. The peaks frequency may be caleulated using the detected peaks of a
signal having periodic characteristics and the submmation of the periods, multiplied by
the samapling frequency of the corresponding sensor, Sensors_rate, as indicated by
Equation (1)

(peaks num-—1) )

FPeaks_freq = Sensors_rate » {; {1

Y. distances_between_peaks
For example, vertical acceleration and along-track and/or horizontal acceleration peaks
frequency may be used. The relationship between vertical acecleration and along-track
and/or horizontal acceleration varies depending on the device use case, so identifying a
characteristic relationship may allow determination of the device use case. In one
cmbodiment, when the peaks frequency of the vertical acceleration and along-track
and/or horizontal acceleration are substantially the same, categorizer 120 may determine
a general device use case corresponding to texting, reading, viewing or the hke with
device 100. In another embodiment, when the peaks frequency of the vertical
acceleration is approximately twice the along-track and/or horizontal acceleration

categorizer 120 may determine device 100 is in a dangling device use case.

(00116} In another embodimnent, the effective frequency may be derived io the
frequency domain using frequency domain techniques, such as for example the Fast
Fourier Transformation (FFT). As will be appreciated, FFT is an algorithm which
compuies the Discrete Fourier transform (DFT) and the inverse (1IDFT) to convert from
the time space to frequency space and vice versa. FFT roay be used to calculate the user
movement frequency in the frequency domain by finding the effective frequency for
cach signal such as x, y and z leveled accelerations data. As a representative example,
the sarople window may be approximately two seconds. The correspounding frequency
to the maxiomm amplitude component of x, v, 7, and horizontal accelerations data may

then be caleulated. The frequency with maximum amplitude among the calenlated
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frequencies is then used to determine the motion effective frequency.

(00117} In snother embodiment, the effective frequency may be derived using the
vertical, horizontal, x, and v accelerations peaks frequency and power. The peaks
frequency may be calculated n the time domain as described above., While, the signal’s
power may be calculated using any analytical technigue or in frequency domain using
for exanmple using the FFT around the peak frequency for cach signal. The signals’
peaks frequency and power may be used to calculate the user movement freguency
(effective frequency). As a representative example, the sample window may be
approximately two seconds. The peaks frequency for cach signal is calculated. Then,
the data is transformed to the frequency domain using FFT arcund the calculated peaks
frequency for cach signal. The corresponding trequency to the maxinnim amplitade
component of X, v, 2, and horizontal accelerations data may then be calculated. The
corresponding peaks frequency to the maximum amplitude among the calculated

amplitudes is then used to determine the motion effective frequency.

(00118} To help illustrate, a suitable routine for determining a device use case
using effective peaks frequency is depicted in the flow chart of FIG. 23, As shown,
beginning with 2300 this may include caleulating one or more parameters for the
processed motion sensor data from 302 and/or the raw maotion sensor data from 300 of
FIG. 3, such as the mean, standard deviation, range, variation, or other suitable
parameters, either as described above or otherwise within the scope of this disclosure.
For example, parameters may be calculated for horizontal and vertical acceleration,
radius of rotation, and magnitude of gyroscope data. In 2302, signal power values and
power ratio may be calculated for desired compouents of the processed or raw motion
seusor data, such as the horizontal and vertical acceleration signals. For example, an
FFT operation may be performed. Next, in 2304 these calculations may be used to
determine the effective frequency. At 2308, the routine may branch depending on
whether the determined effective peaks frequency exceeds a frequency threshold, 1 so,
the voutine flows to 2308 and the signal parameters from 2300 along with the signal
power values and power ratio from 2302 may be used to distinguish between a pocket
device use case and a general use case. I the effective frequency is below the
threshold, the routine flow instead to 2310 and the signal parameters from 2300 may be
used to distinguish between arm, leg and dangling device use cases. Depending upon

the resulis from 2308 or 2311, the routine may then determine a device use case in

35



WO 2016/016731 PCT/IB2015/001854

2312

[00119] As noted, the raw data, the leveled horizontal and vertical acceleration
data and the gyroscopes data may be used when making the device use case
determination. The value of the effective frequency with respect to the frequency
threshold may be used to group the different device use cases mntg two groups. The first
group may include arm, dangling, and leg where the value of the effective frequency is
less than the threshold. The other use cases that bave larger frequency than the
threshold may comprise a second group, and may include the general and pocket device
use cases. To differentiate between the different device use cases in cach group, the
signal power and strength, along with different signal parameters such as the signal

ranges and standard deviations may be used.

[00120] In another aspect, the techniques of this disclosure may include
determining a device use case with categorizer 120 based on a deternuned Eigen use
case of the processed and/or raw motion sensor data as noted above in reference to 308
of FI(. 3. Device use case datasets may transformed and projected into a low
dimensional space to facilitate recognition by defining Figen use cases. The process is
somewhat similar to representing a periodic signal as a sum of more basic oscillating
functions. Eigen use cases refer to a set of eigenvectors to be use used in the device ase
case determination. These Eigen use cases are derived from the covariance matrix of
the probability distribution of the high-dimensional vector space of possible device use

cases data from the sensors’ measurements,

)

(00121} An exanple of the fraining phasc used to generate the Eigen use cases is
depicted in FIG. 24. Beginning with 2400, sets of motion sensor data associated with a
corresponding device use case may be obtatoed from suitable sources, such as device
100. The motion sensor data may be preprocessed as warranted in 2402, In 2404,
multiple features, such as features 1, 2, . . ., n, may be extracted from the processed
and/or raw motion sensor data. Using the extracted features, an Eigen use case may be
generated for cach desired device use case n 2406. These Eigen use cases are then
stored in 2408 for later use in categorizing used to create the corresponding Eigen use

CAse,

(01227 Correspondingly, an example of using the generated Eigen use cascs to

determine a device use case 18 depicted w FIG. 25, Beginning with 2500, motion sensor
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data from device 100, such as processed motion sensor data from 302 and/or raw
motion sensor data from 300 of FIG. 3 may be obtained. Next, 2502 and 2504 may be
stimilar to the corresponding stages of Eigen usc case generation to preprocess the data
and exiract features. The extracted features may then be matched to one of the stored
Eigen use case in 2506, The device use case may be determined in 2508 based on
which Eigen use case matched the extracted features. Further, each device ase case to
be clagsified may reprosent a combination of Eigen use cases, such that the Figen use-
cases may be considered as a characteristic features of the device use cases. Thus, cach
device use case may be recognized using Higen usc-cases when all the Eigen use-cases
are combined in the appropriate proportion. Thus, cach Eigen use-case represents only
a certain group of features of each device use case, which may or may not be present in

a given device use case being determined.

[00123] As described above, the categorization of device use case may involve
one or more use case characteristics derived from the processed and/or raw motion
sensor data, an effective frequency identified in the processed and/or raw motion sensor
data and/or an Eigen usc case determined from the processed and/or raw motion sensor
data. To help ilustrate these concepts, additional representative examples are provided
m the following materials to indicate the use of roll and pitch values when categorizing

device use cases.

(001247 In one test scenario, several data sets were collected using a portable
device, such as device 100, in various device use cases while the user walked or ran at
different speeds. During collection of the data, the user switched between the different
use cases, such as by placing and removing the device in a pocket and sccuring the

device and releasing it from a belt clip.

(01257 As one example, FIG. 26 illustrates the orientation of device 100 during
a sequence of device use cases including general (texting), dangling, pocket, gencral
{belt) and then general {ear talking) while the user walked at a normal speed. The top
graph shows the device orientation as roll, represented by trace 2600, and pitch,
epresented by trace 2602, over time. The bottom graph shows the resulting device use
case categorizations, reproserded by trace 2604, These graphs indicate the device use
case was determined to be general for intervals 2606, 2612 and 2614, 1o be danghing for
interval 2608 and to be pocket for 2610, The general, dangling and pocket device use

cases may be distinguished as described above, or with other suitable modifications.
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Subcategorization of the general device use case may mvolve consideration of the
device orientation as shown in addition 1o attributes that may have been assigned.
During interval 26006, the user was texting with device 100, and it may be seen that the
roll and pitch values were approximately zero as the user was holding device 106
relatively consistently in the horizontal plane. During interval 2608, device 100 held in
a swinging hand in 8 dangling device use case with roll of -90° and varying pitch value.
Dring interval 2610, the device was held in the user’s pocket with the screen facing the
user’s body and the speaker pointed to the up divection. Further, the variation in roll
and/or pitch values n the dangling and pocket device use cases may result from the
movement of the body part with which the device is associated. During interval 2612,
device has been moved indo the belt clip with roll value of -90° and during wderval
2614, the on ear device use case corresponds to a voll value of 90°. Any gaps between
the depicted intervals may be due to the transitions between the classified device use
cases, such as the manipulations required to remove device 100 from a pocket and

secure it to a belt clip.

(00126} A further iflustration of these aspects is shown in FIG. 27, showing a
different sequence of device use cases including general (texting), dangling, general (car
talking), general (belt) and pocket device use cases. Again, the fop graph shows the
device orientation as roll, represented by trace 2700, and pitch, represented by trace
2702, over time. The bottom graph shows the resulting device use case categorizations,
represented by trace 2704, These graphs mdicate the device use case was determined to
be general for intervals 2706, 2710 and 2712, to be dangling for interval 27190 and to be
pocket for 2714, Similarly, the orientation of device 100 may be vsed to subeategorize
the general device use cases. While texting during interval 2706, the rolf and pitch
values were again approximately zero and while dangling during trderval 2708, the roll
was approximately -90% with varying pitch value. Also similarly, moving device 100 to
an on car device use casc in interval 2710 the orientation was consistent with a roll

7
7

value of approximately 90° and during interval 2712, a belt device use case may be
determined based on the roll value of approximately -907 and the pitch value of
approximately 0°. In this example, device 100 during interval 2714 was in a pocket
device use case, with the pitch valuc approximately ° and the roll value approximately

90°, corresponding to the sereen was facing the left side of the user’s body

(001271 Mext, the examples shown in FIGs. 28-32 show differing device use
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cases as the user transitions between being stationary and running at increasing speed

(75}

In FIG. 28, device 100 is in an arm devics use case, such that the top graph shows the
device orientation as roll, represented by trace 2800, and pitch, represented by trace
2802, and the bottora graph shows the resulting device use case categorizations,
represented by trace 2804, Device 100 was attached in the vertical divection to the left
arm with the speaker up, resolting in pitch angle values of approximately 807 with an
average roil angle value of approximately 10° a range increasing with speed up to
approximately 30°, resulting from the movement of the user’s arm.  As can be seen,
during stationary periods between the running intervals, the device use case may be
determined to be a general device use case as there is no associated arm movement. In
one aspect, it may be desivable to maintain an arm device use case categorization during
such periods, which may be corroborated by velocity data. This also applics to the

general device use case determinations when stationary in the following examples.

[00128] In the example shown in FIG. 29, device 100 is in a pocket device use
case, such that the top graph shows the device orientation as roll, represented by trace
2900, and pitch, represented by trace 2902, and the bottom graph shows the resulting
device use case categorizations, represented by frace 2904, Device 100 was carried in a
front pant pocket with the speaker to the right hand side and the screen facing outward
from the user’s body. The pitch angle values were approximately 10° while the roll
angle values were approximately -90°, again with increasing range at correspondingly
greater user speeds, up to approximately 40°. In FIG. 30, device 100 is in a chest device
ase case, such that the top graph shows the device orientation as roll, represented by
trace 3000, and piteh, represented by trace 3002, and the bottom graph shows the
resuiting device use case catogorizations, represented by trace 3004, Device 100 was
moumnted to the user’s chest with the speaker down. The pitch angle values are
approximately -907 while the roll angle valaes are approximately 0°. Here, although the
range of both pitch and roll ncrease with speed, both orientations are relatively
consistent reflecting the minimal inmpact of other body parts of the user ondevice 100,
Yet another example is shown in FIG. 31, with device 100 in a leg device use case, such
that the top graph shows the device orientation as roll, represented by trace 3101, and
pitch, represented by trace 3102, and the bottom graph shows the resulting device use
case categorizations, teprosended by trace 3104, Device 100 was secured to the right leg

with the speaker up. The pitch angle values are approximately 90°, with an average roll
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angle value of approximately 0° with a range of up to approximately 50° that increases
with user speed as in the other examples. Similarly, stationary periods may be

identified by the corresponding lack of variation in the roll and pitch values.

[00129] A last example shown in FIG. 32 corresponds to a dangling device use
case. The top graph shows the device orientation as roll, represented by trace 3200, and
pitch, represented by trace 3202, and the bottom graph shows the resulting device use
case categorizations, represeuted by trace 3204, Here, device 100 was held in the right
hand with the speaker to the forward direction and the screen facing out of the user’s
hand. The pitch angle values are approximately 70° and the roll angle values are
approximately 0° with 10° of range variation. As the user is runming and the hand that
carries the device is moving, there is a sigpificant variation in the orientation
compenent, which reflects the different ways of holding device 1040, For example, the
pitch angle may vary primarily if the user is holding the device with the speaker in the
forward direction while the roll angle may vary primarily if the user is holding the
device with the speaker up. Due to the relatively greater amounts of additional motion
and the ability of the user to move the device independent of the overall motion o the
direction of travel, the determined device use case may fluctuate relatively vapidly
and/or multiple device use cascs may be returmed.  As desived, suitable filtering or

averaging technigues may be used to return @ more consistent categorization.

[00130] Depending on the architecture of device 100, sensor processor 168 and
mertial sensor 112 may be formed on different chips, or as shown, may reside on the
same chip. A sensor fusion algorithm employed to calculate the orientation of device
100 may be performed externally to sensor processor 108 and MPU 106, such as by host
processor 104, or may be performed by MPU 106, A chip may be 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 vwltiple chip includes at least two substrates, wherein the
two substrates are electrically commected, but do not require mechanical bonding. A
package provides electrical 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 Circuit (IC) substrate may vefer to a silicon substrate with clectrical

circuits, typically CMOS cireuits.
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[00131] One or more sensors may be incorporated into the package if desived
asing any suitable technique. In some embodiments, a sensor may be MEMS-based,
such that a MEMS cap provides mechanical support for the MEMS structare. The
MEMS structural layer is attached to the MEMS cap. The MEMS cap 15 also referred to
as handle substrate or bandle wafer. In some embodiments, the fivst substrate may be
vertically stacked, attached and electrically comnected to the second substrate in 3 single
semiconductor chip, while in other embodiments, the first substrate may be disposed
laterally and clectrically connected to the sccond substrate in a single semiconductor
package. In one embodiment, the first substrate is attached to the second substrate
through wafer bonding, as described in commonly owned U.S. Patent No. 7,104,129,
which is incorporated herein by reference in its entirety, to simultancously provide
electrical connections and hermetically seal the MEMS devices. This fabrication
technique advantageously enables technology that allows for the design and
manufacture of high performance, multi-axis, incrtial sensors in & very small and
economical package. Integration at the water-level minimizes parasitic capacitances,
allowing for improved signal-to-noise relative to a discrete solution. Such ntegration at
the wafer-level also enables the incorporation of a rich feature set which minimizes the

need for external anplification,

(132} The techniques of this disclosure may be combined with any navigation
soluation independent of the type of the state estimation or filtering techuoique used in this
navigation solution. The state estimation technique can be hincar, nonlinear ov a
combination thereof. Different examples of techniqoes used in the navigation solution
may rely on a Kalman filter, an Extended Kalman filter, 3 non-linear filter such as a
particle filter, or an artificial fotelligence techuique such as Neural Network or Fuzzy
systems. The state estimation technique used in the navigation sohation can use any
type of systern and/or measurcment models. The navigation solution may follow any
scheme for integrating the different sensors and sysierns, such as for example loosely
coupled ntegration scheme or tightly coupled integration scheme among others. The
navigation solution may utilize modeling (whether with Hinear or nonlinear, short
memory iength or long memory length) and/or automatic calibration for the errors of

mertial sensors and/or the other sensors used.
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CONTEMPLATED EMBODIMENTS

[00133] The present disclosure describes the body frame to be x forward, v
positive towards right side of the body and =z axis positive downwards. itis
contemplated that any body-frame definition can be used for the application of the

method and apparatus described herein.

[00134] It is contemplated that the techniques of this disclosure can be used with
a navigation solution that may optionally utthze automatic zero velocity periods or static
period detection with its possible updates and inertial sensors bias recalculations, non-
holonomic updates module, advanced modeling and/or calibration of inertial sensors
errors, derivation of possible measurements updates for them from GNSS when
appropriate, automatic assessment of GNSE solution quality and detecting degraded
performance, automatic switching between loosely and tightly coupled integration
schemes, assessment of cach visibie GNSS sateliitc when in tightly coupled mode, and
finally possibly can be used with a backward smoothing module with any type of
backward smoothing technique and either running in post mission or in the backgroumd

on buffered data within the same mission.

1601357 It 15 further contemplated that techniques of this disclosure can also be
ased with a mode of conveyance technigue or a motion mode detection techniqoe to
cstablish the mode of conveyance. This enables the detection of pedestrian mode
among other modes sach as for example driving mode. When pedestrian mode is
detected, the method presented in this disclosure can be made operational to determine

the misalignment between the device and the pedestrian.

[00136] It is further contemplated that techniques of this disclosure can also be
used with g navigation solution that is further programmed to run, in the background, a
routine to siraulate artificial outages in the absolute navigational mformation and
estimate the parameters of another instance of the state estimation technique used for
the solution in the present navigation module to optimize the accuracy and the
consistency of the solution. The accuracy and consistency is assessed by comparing the
temporary background solation during the simulated outages to a reference solution.
The reference solution may be one of the following examples: the absolute navigational

information (e.g. GNSS); the forward integrated navigation sclution in the device
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mtegrating the available sensors with the absolute navigational information (e.g.
(GNSS) and possibly with the optional speed or velocity readings; or a backward
smoothed integrated navigation solution integrating the available sensors with the
absolute navigational information {c.g. GNSS) and possibly with the optional speed or
velocity readings. The background processing can run either on the same processor as
the forward solation processing or on another processor that can commenicate with the
first processor and can read the saved data from a shared location. The cutcome of the
background processing sohution can benefit the real-time navigation solution in its
future run (i.e. real-time run after the background routine has finished running), for
example, by having improved values for the parameters of the forward state estimation

technigue used for navigation in the present module.

[00137] Tt is further contemplated that the technigues of this disclosure can also
be used with 2 navigation solution that is further integrated with maps (such as strect
maps, indoor maps or models, or any other environment map or model n cases of
applications that have such maps or models available), and a map matching or model
matching routine. Map matching or model matching can further enhance the navigation
solation during the absolute navigation information (such as GNSS) degradation or
interruption. In the case of model matching, a sensor or a group of sensors that acquire
information about the environment can be used such as, for example, Laser range
finders, careras and vision systoms, or sonar systems. These new systems can be used
either as an extra help to enhance the accuracy of the navigation solution during the
absolote navigation information problems (degradation or absence), or they can totally

replace the absclute navigation information in some applications.

[00138] It is further contemplated that the techniques of this disclosure can also
be used with a navigation solution that, when working cither in a tighily coupled
scheme or a hybrid loosely/tightly coupled option, need not be bound to utilize
pseudorange measurements (which are calculated from the code not the carrier phase,
thus they are called code-based pseudoranges) and the Doppler measurements (used to
get the pseudorange rates). The carrier phase measurersent of the GNESS receiver can be
used as well, for example: (3) as an alternate way 1o calculate ranges instead of the code-
based pseudoranges, or (i) to enbance the range calculation by incorporating

information from both code-based pscuderange and carrier-phase measurements; such
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enhancement is the carrier-smoothed pseudorange.

[00139] It is further contemplated that the techriques of this disclosure can also
be used with a navigation solution that relies on an ultra-tight integration scheme

between GNSS receiver and the other sensors’ readings.

1601407 It s further contemplated that the techniques of this disclosure can also
be vsed with a navigation sohution that uses various wircless communication systems
that can also be used for positioning and vavigation cither as an additional aid (which
will be more beneficial when GNSS is unavailable) or as a substitute for the GNSS
information {c.g. for applications where GNSS 18 not applicable}. Examples of these
wireless communication systems used for positioning are, such as, those provided by
cellular phone towers and signals, radio signals, digital television signals, WiFi, or
WiMax. For example, for cellular phone based applications, an absolate coordinate
from cell phone towers and the ranges between the indoor user and the towers may be
utilized for positioning, whereby the range might be estimated by different methods
among which calcalating the fime of arrival or the time difference of arrival of the
closest cell phone positioning coordinates. A method known as Enhanced Observed
Time Difference (E-OTD) can be used to get the known coordinates and range. The
standard deviation for the range measurements may depend upon the type of oscillator
ased in the cell phone, and cell tower timing equipment and the transmission losses.
WiF1 positioning can be done in a variety of ways that includes but is not hmited to time
of arrival, time difference of arrvival, angles of arrival, received signal strength, and
fingerprinting techniques, among others; all of the methods provide different level of
accoracies. The wireless communication system used for posttioning may use different
techiiques for modeling the errors in the ranging, angles, or signal strength from
wircless signals, and may use different multipath mitigation technigues. All the above
mentioned 1deas, among others, are also applicable in a similar manner for other

wireless positioning technigques based on wireless communications systems.

[00141] It is further contemplated that the techniques of this disclosure can also
be used with a navigation solution that utilizes aiding imformation from other moving
devices, This aiding information can be used as additional atd (that will be more
beneficial when GNSS is unavailable) or as a substitute for the GNSS formation (e.g.

for apphications where GNSS based positiomng is not applicable). One example of
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aiding Information from other devices may be relymg on wircless communication
systems between different devices. The underlying idea is that the devices that have
better positioning or navigation solution (for example having GNSS with good
availability and accuracy) can help the devices with degraded or unavailabie GNSS to
get an tmproved positioning or navigation sohuation. This help relies on the well-known
position of the aiding device(s) and the wircless commumnication system for positioning
the device(s) with degraded or unavailable GNSS. This contemplated variant refers to
the one or both circumstance(s) where: (1) the device(s) with degraded or uravailable
GNSS aiilize the methods desceribed herein and get aiding from other devices and
communication system, (i) the aiding device with GNSS available and thus a good
navigation solution utilize the methods described herein. The wireless communication
system used for positioning may rely on ditfferent communication protocols, and it may
rely on different methods, such as for example, time of arrival, thme difference of
arrival, angles of arrival, and received signal sirength, among others. The wireless
convmunication system used for positioning may use different techniques for modeling
the errors in the ranging and/or angles from wireless signals, and may use different

muttipath mitigation techunigues.

101427 The embodiments and techniques described above may be implemented
in sofiware as various interconnected functional blocks or distinet sofiware modules.
This is not necessary, however, and there may be cases where these functional blecks or
modales are equivalently aggregated into a single logic device, program or operation
with wmclear boundaries. In any event, the imetional blocks and software modules
implementing the embodiments described above, or features of the interface can be
implemented by themselves, or in combination with other operations in either hardware
ot software, either within the device entirely, or in conjunction with the device and other

processer enabled devices in communication with the device, such as a server,

(001437 Although 2 foew embodiments have been shown and described, it will be
appreciated by those skilled in the art that various changes and medifications can be
made to these embodiments without changing or departing from their scope, intent or
fumctionality. The terms and expressions used in the preceding specification have been
used herein as terms of description and not of Hmitation, and there is no intention in the

use of such terms and expressions of excluding equivaients of the features shown and
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described or portions thereof, it being recognized that the disclosure is defined and

Himited only by the claims that follow.
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CLAIMS

What is claumed is;

1. A method for categorizing a device use case for on foot motion with a
portable device comprising:
{a} obiaining motion sensor data corresponding to motion of the portable device;
(b} performing at least one of:
(i) deriving a use case characteristic from the motion sensor data;
(i1} determining an effective frequency from the motion sensor data; and
(ii1) determining an Eigen use case; and
(¢} categorizing the device use casc of the portable device using the motion
sensoy data and at least one of the use case characteristic, the effective frequency and

the Higen use case.

oo

The method of claim 1, further comprising processing the motion sensor

data.

(43

The method of claim 2, wherein processing the motion sensor data
comprises transforming the motion scusor data at least in part with a determined

orientation of the portable device.

4. The method of claim 3, wherein processing the motion scusor data
characterizes vertical acceleration by leveling accelerometer data using the determined

orientation of the portable device.

5. The method of claim 4, wherein processing the motion sensor data to
characterize vertical acceleration further comprises subtracting gravity,
6. The method of claim 3, wherein processing the motion scusor data
characterizes horizontal motion by leveling accelerometer data using the determined

orientation of the portable device.

:~J

The method of claim 2, wherein processing the motion sensor data
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further comprises determining magnitude for gyroscope data.
g. The method of ¢laim 1, wherein deriving the at least one use case

characteristic comprises performing a statistical analysis.

9. The method of claim 1, wherein deriving the at lcast one use case

characteristic comprises determining an cffective orientation component.

10.  The method of claim 9, further comprising detecting peaks in the

effective orientation component.

i1, The method of claim 10, wherein detecting peaks comprises applying a
threshold determined at least in part on a statistical analysis of the effective orientation

component,

12, The method of claim 1, wherein deriving the at least one use case

characteristic comprises determining a radius of rotation value for the portable device.

13, The method of claim 1, wherein deriving the at least one use case

characteristic comprises detecting peaks in the motion sensor data.

14. The method of claim 13, wheremn detecting peaks comprises applying a
=3 J =

threshold determyined at least in part on a statistical analysis of the motion sensor data.

~

15. The method of elaim 13, wherein detecting peaks comprises determining

peaks frequency.

16. The method of claim 13, wherein detecting peaks further comprises

determining a range of the peaks freguency.

17.  The method of claim 16, wherein detecting peaks further comprises

ctermining a threshold for the range of the peaks frequency.

18,  The method of claim 1, wherein deriving the at least one use case
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characteristic comprises assigning an attribute 1o the motion sensor data.

19, The method of claim 1%, wherein assigning the at least one attribute of

the motion seosor data is based at least in part on g derived use case characteristic,

20, The method of claim 18, wherein assigning the at least one attribute of

the motion sensor data comprises assigning a not dangling attribute.

21, The methed of claim 18, wherein assigning the at least one attvibute of

the motion sensor data comprises assigning a dangling attribute.

22, The method of claim 18, wherem assigning the at least one attribuie of

the motion sensor data comprises assigning a pocket attribute.

23. The method of claim 18, whercin assigoing the at feast one atiribute of

the motion sensor data comprises assigning a radius of rotation attribute.

24, The method of claim 18, wherein assigning the at least one attribute of

the motion sensor data comprises assigning a slow radius of rotation attribute.

25.  The method of claim I8, whercin assigning the at feast onc atiribuie of

the motion sensor data comprises assigning a general atiribute.

26.  The method of claim 18, wherein assigning the at least one attribute of

the motion sensor data comprises assigning a belt attribute,

27, The method of claim 18, wherem assigning the at least one attribuie of

the motion sensor data compriscs assigning an on car attribute.

28 The method of claim 1, further comprising identifying unstable motion

characteristics.

29, The method of claim 28, wherein categorizing the device use case of the

portable device is bascd at least in part on assigning at least one attribute of the motion
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sensor data.

30.  The method of claim 1, further comprising identifying normal motion
characteristics.
31, The method of claim 30, wherein categorizing the device use case of the

portable device is based on at feast onc or a combination of the following:

(1) a statistical analysis of the motion sensor data;

{i1) a statistical analysis of an effective orientation component;

(it} a radius of rotation value;

{iv} identifying 2 number of peaks in the motion scnsor data and comparing it to
a threshold; and

{v} a range of peaks in the motion sensor data.

[N

2. The method of claim 30, wherein categorizing the device use case of the
portable device is based at least in part on detecting a characteristic pattern of peaks in

the motion sensor data.

33, The method of claim 32, wherein categorizing the device use case of the

portable device is further based on a range of peaks in the motion sensor data.
34.  The method of claim 30, wherein categorizing the device use case of the

portable device is based at least in part on assigning at least one attribute of the motion

sensor data.

35. The method of claim 1, wherein categorizing the device use case of the

portable device is based on an effective frequency in the motion sensor data,

36. The method of claim 35, wherein the effective frequeney is determined

using a frequency domain analysis.

37.  The method of claim 36, wherein the frequency domain analysis includes
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a Fast Fourier Transformation (FFT).

38, The method of claim 35, wherein the effective frequency is determined

using a time domain analysis.

39, The method of claim 35, wherein the effective frequency 1s determined
using a time domain analysis and by calculating a signal power and a power ratio of the

motion sepsor data.

40.  The method of claim 1, wherein categorizing the device use case of the

portable device is further based on deternunation of an Higen use case.

41, The method of claim 40, further comprising matching featares extracted
from the motion sensor data to at least one stored Figen use case to determine the device

USC £ase.

42, The method of claim 41, wherein the at least one stored Eigen use case

comprises a set of eigenvectors developed during a trajning phase.

43.  The method of claim 1, fixrther comprising deriving a navigation sohution
for the portable dovice based at least in part on the motion sensor data and the

categorization of device use case.

44, A portable device for categorizing a device use case for the portable
device comprising:
a sensor assembly integrated with the portable device, configured to output data
representing motion of the portable device;
a catogorizer configured to perform at least one of the operations of!
deriving a use casc characteristic from the motion sensor data;
determining an effective frequency from the motion sensor data; and
determining an Eigen use case;
wherein the categorizer determines a device use case for the portable device using the
motion sensor data and at least one of the use case characteristic, the effective frequency

and the Eigen use case; and

5
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a processor configured to rum the categorizer.

45.  The portable device of claim 44, wherein the processor is further
configured 10 process the motion sensor data.

46.  The portable device of claim 44, further comprising a navigation module
configured to provide a navigation solution for the portable device derived at least in

part on the motion sensor data and the determined device use case.

47.  The portable device of claim 44, wherein the sensor assembly nchides

an accelerometer and & gyroscope.

48.  The device of claim 44, wherein the sensor assembly comprises an

inertial sensor implemented as a Micro Electro Mechanical System (MEMS),

153
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