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SWING COMPENSATION IN STEP DETECTION

BACKGROUND

{6081} Pcdometers and step detectors based on inertial sensors have found various applications
in fitness, health monitoring, positioning systems, and more. Step detection in these applications
is typically based on sensors that are constrained to a particular position with respect to a
pedestrian {¢.g., waist, wrist, shocs, ¢t¢.}. For mobile phones and other mobile devices, step
detection can be more difficult because the mobile device can be carried in any of a varicty of
locations {e.g., a pedestrian’s hand, pocket, purse, ete.} and subject to combined motion. Step
detection performed when the mobile device is in the hand of a user’s swinging arm can be
particularly difficult. As such, step detection in mobile devices performed when such swinging

is occurring can be highly inaccurate.

SUMMARY
{8082} Embodiments of the invention are directed toward increasing step detection accuracy in
mobile devices by determining whether such swinging is taking place. According to the
invention, swinging can be detected using threshold detection, Eigen analysis, hybrid frequency
analysis, and/or gyroscope-based analysis, for example, as detailed hercin. The determination
that swinging is {or may be) occurring can impact how the mobile device reports detected steps
for step detection. A count of missteps and/or a level of certainty, based on swing detection, can

be provided with a step count.

{G083]  An example method of swing compensation in step detection, according to the
disclosure, includes obtaining acceleration data indicative of movement of a mobile device,
determining whether the mobile device may be swinging in a hand of a user of the mobile
device, and outputting step data based on the acceleration data and the determination whether the

mobile device may be swinging in the hand of the user.

{0084} The cxample method of swing compensation in step detection can include onc or more
of the following features. Determining whether the mobile device may be swinging in the hand
of the user can include determining whether the acceleration data exceeds a threshold value, The
threshold value can be between 10 and 12 m/s2. Determining whether the mobile device may be

swinging in the hand of the user can include calculating cigenvalues of the acceleration data.

“
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The roethod can also mnclude determining whether at least one eigenvalue exceeds a threshold
vahie and/or determining whether a ratio of the cigenvalues exceeds a threshold value
Determining whether the mobile device may be swinging in the hand of the user can inchude
condacting a frequency analysis of the acceleration data. The frequency analysis can incluode
autocorrelation and/or combining the acceleration data with a norninal step rate. The frequency
analysis can include determining a frequency from the acceleration data and determining that
twice the determined frequency falls within a predetermined range of known step rates. The
method may further include determining a probability related to the determination of whether the

user made a step.

{B0685]  Additionally or alternatively, the example method of swing compensation in step
detection can mclude one or more of the following features. Determining whether the mobile
device may be swinging in the hand of the user can include estimating a direction of gravity,
determining an angle of the mobile device in relation to the direction of gravity, and determining
whether the angle exceeds a threshold value. Determining whether the mobile device may be
swinging in the hand can be based, at least in part, on data from a gyroscope. Ouiputting step
data can include outputting a number of detected steps. The number of detected steps can be
altered from an original number, based on the determination whether the mobile device may be
swinging in the hand of the user.  Outputting step data can further include outputting a number

of undetected steps and/or a probability associated with the number of detected steps.

{0G86]  An cxample apparatus, according to the disclosure, can include a memory and a
processing unit coupled to the memory, where the processing unit is configured to perform
functions inclading obtaining acceleration data indicative of movement of a mobile device,
determining whether the mobile device may be swinging in a hand of a user of the mobile
device, and outputting step data based on the acceleration data and the determination whether the

mobile device may be swinging in the hand of the user.

{G087] The cxample apparatus can include one or more of the following features, The
apparatus can include an accelerometer that is communicatively coupled with the processing unit
and configurcd to provide the acceleration data. The processing unit can be further configured to
determine a probability related to the determination of whether the user made a step. The
processing unit can be configured to determine whether the mobile device may be swinging in

the hand of the user by estimating a direction of gravity, determining an angle of the mobile
o & E o
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device in relation to the direction of gravity, and determining whether the angle exceeds a
threshold value. The processing unit can be configured to determine whether the mobile device
may be swinging 1o the hand s based, at least in part, on data from a gyroscope. The processing
unit can be configured to output step data by ouiputting a number of detected steps. The
processing untt can be configured to alter the number of detected steps from an oniginal number,
based on the determunation whether the mobile device may be swinging in the hand of the user.
The processing unit can be further configured to output a mumber of undetected steps and/or

output a probability associated with the number of detected steps.

[B068] An example device, according to the disclosure, includes means for obtaining
acceleration data ndicative of movement of a mobile device, means for determuning whether the
mobile device may be swinging in a hand of a user of the mobile device, and means for
outpuiting step data based on the acceleration data and the determination whether the mobile

device may be swinging in the hand of the user.

{BG89] The cxample device can include one or more of the following features. The means for
determining whether the mobile device may be swinging in the hand of the user can include
means for calculating cigenvahies of the acceleration data. The device may further inclade
means for determining whether at least one cigenvalue exceeds a threshold value and/or means
for determining whether a ratio of the eigenvalues exceeds a threshold valoe, The device may
further include means for determining whether the mobile device may be swinging in the hand of
the user comprise means for conducting a frequency analysis of the acceleration data. The
frequency analysis can include autocorrelation. The means for conducting the frequency
analysis can include means for combining the acceleration data with a nominal step rate. The
means for conducting the frequency analysis can include means for determining a frequency
from the acceleration data, and means for determining that twice the determined frequency falls

within a predetermined range of known step rates.

{0018] An cxample computer-readable storage medium, according to the disclosure, can have
instructions embedded thercon for causing one or more computing deviees to perform swing
compensation in step detection. The instructions can include computer code for obtaining
acccleration data indicative of movement of a mobile device, determining whether the mohile

device may be swinging in a hand of a user of the mobile device, and outputting step data based
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on the acceleration data and the determination whether the mobile device may be swinging in the

hand of the user.

{0011} An example compuier-readable storage rmedium can forther include one or more of the
following features. The code for determining whether the mobile device may be swinging in the
hand of the user can include code for determining whether the acceleration data exceeds a
threshold value. The code for determining whether the mobile device may be swinging in the
hand of the user can include code for calculating cigenvalues of the acceleration data. The code
for determining whether the mobile device may be swinging in the hand of the user can include
code for conducting a frequency analysis of the acceleration data. The code for determining
whether the mobile device may be swinging in the hand of the user inclndes code for estimating
a direction of gravity, determining an angle of the mobile device in relation to the direction of
gravity, and determining whether the angle exceeds a threshold valne. The code for outputting

step data includes code for outputting a nomber of detected steps.

{B812] Ttems and/or techniques described herein may provide one or more of the following
capabilities, as well as other capabilities not mentioned. Techniques can provide for increased
accuracy in step detection for mobile devices. This can, in turn, improve the accuracy of
applications utilizing a pedometer, such as fitness and health monitoring, dead reckoning for
positioning applications, and the like, ultimately providing a better user experience. These and
other advantages and features are described in more detail in conjunction with the text below and

attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS
{BG13] A further understanding of the nature and advantages of various embodiments may be
realized by reference to the following figures. In the appended figures, similar components or
features may have the same reference label. Further, various components of the same type may
be distinguished by following the reference label by a dash and a second label that distinguishes
among the similar components, I only the first reference label is used in the specification, the
description is applicable to any onc of the similar components having the same first reference

label irrespective of the second reference label,
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{0014] FIGS. 1A-1C are drawings of acceleration plots Hlustrating measured vertical
acceleration over time and figures indicating corresponding positions of a mobile device relative

to a yser.

[B013] FIG. 2 is a simphified iHustration of a positioning system that can ufilize the techniques

described herein, according to one embodiment,

{0016} FIG. 3 is an example block diagram of components that can be utilized by a mobile

and/or other device to implement the mwethods of improved step detection desceribed hereiu.

{0017} FIG. 4 is 3 plot of acceleration magnitude from a mobile device during a sequence of

activitics.
{0018} FIG. 5 is g flow diagram of an cxample method of swing detection.

{6019} FIG. 6 is a cumulative distribution function plot illustrating variation in cigenvalues for

swinging and non-swinging statcs.

{60206] FIG. 7 is a flow diagram of an cxample mcethod of swing detection using Eigen

analysis.

{6021} FIG. § is a simplificd timing diagram that helps illusirate variables of an autocorrelation

formula.
{6022} FIGS. 9A and 9B arc plots used to iHustrate how autocorrelation can detect pertodicity.

{0023} FIG. 1015 an cxample block diagram of components that can be utilized by a mobile

and/or other device to implement the methods of improved step detection described herein,

{0024] FIG. 11 s a flow diagram of an example method of swing detection using hybrid
frequency analysis.

{B8258] FIG. 12 is a flow diagram of an example method of step detection using hybrid
frequency analysis.

{8826] FIG. 13 is a plot of acceleration magnitude, acceleration spread, and detected peaks

{indicated as dots on the acceleration magnitude).

{8027} FIG. 14 1s a flow diagram of a method of swing compensation in step detection,

according to onc embodiment.
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{0028] FIG. 15 illustrates an embodiment of a mobhile device.

DETAILED DESCRIPTION

{8829] The following description is provided with reference to the drawings, where like
reference numerals are used to refer to like clements throughout. While various details of one or
more technigues arc described herein, other techniques are also possible, In some instances,
structures and devices arc shown in block diagram form in order to facilitate describing various

techniques.

{6030} Instructions” as referred to herein relate to expressions which represent one or more
logical operations. For example, instructions may be "machine-readabic” by being interpretable
by a machinc for executing onc or more operations on onc or more data objects. However, this is
mercly an example of instructions and claimed subject matter 1s not limited in this respect. In
another cxampic, instructions as referred to herein may relate to encoded commands which are
executable by a processing unit having a comunand set which includes the encoded commands.
Such an 1nstruction may be encoded in the form of a machine language understood by the
processing unit. Again, these are merely examples of an instruction and claimed subject matter

is not limuted in this respect.

[B031] Incrtial sensor-based step detectors are utilized in a variety of applications that can
utilize information when a user of a mobile device takes a step, such as fitness and health
monitoring, dead reckoning for fire-fighters, and more. In most applications, the sensors are
placed in a constrained position with respect to the user. For example sensors are attached to the
waist, wrist, shoes, ete., of a user. Because of the prevalence of inertial sensors in mobile
devices such as mobtle phones, portable media players, gaming devices, and other portable
electronics, these mobile devices can also be used to estimate the number of steps taken by a
user. However, because the mobile devices 1s not held in a constrained position, and as a result,
the inertial sensors can measure the combined motion due to steps and other activities, including

holding the mobile devices in a swinging hand while walking.

{8632] Real-time pedometers, for example running on a8 mobile device, may have a variety of
applications, ranging from positioning to fitness monitoring, for example. Walking may causc a

distinct pertodic pattern in data from an accelerometer on the mobile device. FEG. 1A isa

)
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drawing with a plot 100-A of accelerometer data (shown as acceleration magnitude) from a
mobile device 105 at the waist of a user when a user 1s engaged in a steady walk (at
approximately two steps per second}, as shown in the image 140-A. The data, saropled at 50Hz,
iHustrates variations in acceleration, peaking at roughly 2-5 meters per second squared {m/s?),
centered at gravitational acceleration (approximately 9.8 m/s”). Patterns in the accelerometer
data may be used to detect walking and/or count steps. Here, the data s relatively
straightforward: cach peak 110 (ignoring smaller peaks that may appear on a larger one)
corresponds with a step taken by the user. (Note: for simplicity, only a small subsct of the peaks
P18, 120, and 138 of the plots 100 of FIGS. 1A-1C are labeled.). While embodiments are
deseribed below with respect to an accelerometer, a gvroscope may additionally or alternatively

be used in some embodiments.

{B0633] FIG, 1B illustrates another acceleration plot 100-B, illustrating measured vertical
acceleration over time, simtlar to FIG. 1A, Plot 100-B also shows how swinging the mobile
device can make step detection {detection of a user taking a step, or “foot step detection”)
difficult. In this example, the mobile device 105 1s in swinging back and forth in the user’s hand
while the user is walking at a fast pace, as shown in tmage 140-B. Here, the acceleration data
has a distinguishable pattern, but large peaks 120 duc to the swinging of the user’s hand can
often mask smaller peaks 130 that correlate with a user’s steps. In plot 100-B, a single large
peak 120 can mask two smaller peaks 130, In other words, cach large peak 120 correlates to two

steps taken by the user.

{0034] FIG. 1C illustrates an acceleration plot 100-C in which the mobile device 105 is in
swinging back and forth in the user’s hand {as shown in image 140-C) while the user is walking
at a slower pace relative to plot 100-B. In this example, the larger peaks 120 are more likely to

mask just one smalier peak 130 that correlates to a step rather than two.

{0035} Because swinging can significantly impact step detection, it can beneficial to determine
whether swinging is occurring. Accordingly, techniques provided herein allow for increasing

step detection accuracy in mobile devices by determining whether such swinging is taking place.
According to the invention, swinging can be detected using threshold detection, Eigen analysis,
and/or hybrid frequency analysis, as detailed herein. The determination that swinging is (or may

be) occurring can impact how the mobile device reports detected steps for step detection. A

]
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count of missteps and/or a level of certainty, based on swing detection, can be provided with a

step count.

{80371 FIG. 2, for example, is a simplified llustration of a positioning system 200 that can
utilize the techniques described herein. A mobile device 105 and/or other components of the
positioning systern 200 can process various data points to determine the position of the mobile
device 105, Such data points can inclade step detection using the techniques described herein
below. The positioning system can include a mobile device 108, satellite positioning service
(SPS) satellites 210, base transceiver station(s) 220, mobile network provider 240, access
point{s) 230, location server(s) 260, map server{s) 270, and the Internet 250. Tt should be noted
that FIG. 2 provides only a gencralized itlustration of various components, any or all of which
may be utilized as appropriate. Moreover, different components may be added, omitted,
combined, and/or separated, as desired. A person of ordinary skill in the art will recognize many
modifications to the components illustrated. Fuorthermore, the positioning system 200 illustrated
in FIG. 2 is provided as an example system in which step detection techniques provided herein
can be used. However, embodiments are not so timited. As indicated previously, siep detection
techniques provided herein can be utilized in a variety of devices other than the mobile device

10S of FIG. 2, and for a variety of applications other than positioning.

5

{B0638]  In the positioning systemn 200, a location of the mobile device 105 can be determined a
varicty of information. For example, the location of the mobile device 105 can be calculated
using triangulation and/or other positioning techniques with information transmitted from SPS
satellites 210, In these embodiments, the mobile deviee 135 may utilize a receiver specifically
impiemented for use with the SPS that extracts position data from a plurality of signals 212
transmitted by SPS satellites 210, Transmitted satellite signals may inclade, for example, signals
marked with a repeating pscudo-random noise (PN) code of a set number of chips and may be
located on ground based control stations, user equipment and/or space vehicles. Satellite
positioning systems may include such systems as the Global Positioning System (GPS), Galileo,
Glonass, Compass, Quasi-Zenith Satellite System ((QZSS) over Japan, Indian Regional
INavigational Satellite System (IRNSS) over India, Beidou over China, ctc., and/or various
augmentation systems {c.g., an Satcllite Based Augmentation System {SBAS)) that may be
associated with or otherwise enabled for use with one or more global and/or regional navigation
sateilite systems. By way of example but not limitation, an SBAS may include an augmentation

system({s) that provides integrity information, differential corrections, ¢tc., such as, c.g., Wide

8
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Area Augmentation System (WAAS), European Geostationary Navigation Overlay Service
(EGNOS), Multi-functional Satellite Augmentation Svstem {MSAS), GPS Aided Geo
Augmented Navigation or GPS and Geo Augroented Navigation system {CAGAN), and/or the

like.

[0038] Embodiments may also use communication and/or positioning capabilitics provided by
base transceiver stations 220 and mobile network provider 240 {e.g., a cell phone service
provider), as well as access point(s) 230, Communication to and from the mobile device 105
may thus also be implemented, in some embodiments, using various wirgless cormmunication
networks. The mobile network provider 2440, for example, can comprise such as a wide arca
wireless network {WWAN). The aceess point(s} 230 can be part of a wircless local area network
(WELAN}, a wircless personal area network (WPAN}), and the Hike. The term “network” and
“system” may be used interchangeably. A WWAN may be a Code Diviston Multiple Access
(CDMA} network, a Time Division Multiple Access (TEBMA) network, a Frequency Division
Multiple Access (FDMA} network, an Orthogonal Frequency Division Multiple Access
(OFDMA) network, a Single-Carrier Frequency Division Multiple Access (SC-FDMA) network,
a WiMax (IEEE 802.16}, and so on. A CDMA network may implement one or more radio
access technologies (RATS) such as cdmaZ 000, Wideband-CDMA (W-CDMA}, and so on.
Cdma2000 includes 18-95, 18-2000, and/or 15-856 standards. A TDMA network may implement
Global System for Mobile Communications (GSM), Digital Advanced Mobile Phone System (D-
AMPS}, or some other RAT. An OFDMA network may implement Long Term Evolution
(LTE), LTE Advanced, and so on. LTE, LTE Advanced, GSM, and W-CDMA are described in
documents from a consortium named “3rd Generation Partnership Project” (3GPP). Cdmal(00
is deseribed in documents from a consortium named “3rd Generation Partnership Project 27
(3GPP2}). 3GPP and 3GPP2 documents are publicly available. A WLAN may also be an IEEE
802.11x network, and a WPAN may be a Bluctooth network, an IEEE 802.15%, or some other
type of network. The techniques described herein may also be used for any combination of

WWAN, WLAN and/or WPAN.

{6040] Mobile network provider 240 and/or access point(s) 230 can further communicatively
connect the mobile device 105 to the Internct 250, Other embodiments may include other
networks in addition, or as an alternative to, the Internct 250. Such networks can inchude any of
a variety of public and/or private communication networks, including wide arca network (WAN),

{ocal area network (LAN), and the like. Moreover, networking technologies can include
3 2 P
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switching and/or packetized networks utilizing optical, radio frequency (RF}, wired, satellite,

and/or other technologies.

[0041] The access point{s) 230 be used for wircless voice and/or data communication with the
mobile device 105, as well as independents sources of position data, ¢.g., through
implementation of irilateration-based procedures based, for exarople, on RTT and/or R3SI
measurements. Further example erabodiments of determining position of a mobile device using
access point{s) 230 are provided 1n U.S. patent application serial nomber 13/398,633, entitled
“MEASUREMENTS AND INFORMATION GATHERING IN A WIRELESS NETWORK
ENVIROWNMENT,” the content of which is hereby incorporated by reference in its entirety. The
access point(s) 230 can be part of a WLAN that operates tn a building to perform
communications over smaller geographic regions than a WWAN. The aceess point{s} 230 can
be part of a WiFi network (802.11x), cellular piconets and/or femtocells, Bluetooth network, and
the like. The access point(s) 230 can also form part of a Qualcomm indoor positioning system
(QUIPSTM}. Embodiments may include any mumber of access point{s} 230, any of which may

be a moveable node, or may be otherwise capable of being relocated.

{8042] In addition to the various components of the postiioning system 200 illustrated in FIG.
2, the mobile device 105 can utilize data from internal components to assist in position
determination. For example, the mobile device 105 can include a variety of sensors, such as
gyroscopes, accelerometers, micro-clectromechanical system (MEMS}) sensors used as linear
accelerometers, gravimeters, as well as magnetometers. For cxample, the sensors may comprise
a gyroscope and an accelerometer in some embodiments. In some embodiments, the sensors
comprise or are inclided in an inertial navigation system (INS). The INS may comprise an
attitude-only-INS, for example using only gyroscope information. In some embodiments, the
INS compriscs a 6 degree-of-freedom (DOF} INS, for example that uses both accclerometer and
gyroscope measurements. In some embodiments, the INS determines gravity, which can be
represented by a gravity vector, for example in g fixed target frame. As indicated above such
sensors can be utilized in step detection for a pedomceter, which can complement and/or further
improve the accuracy of location determinations.  Such internal sensors can be particularly
beneficial for positioning when the SPS receiver of the mobile deviee 105 is unable to reccive
sufficient information from SPS satellites for a position determination, such as in indoor

environments.

¢



WO 2014/099232 PCT/US2013/071068

[0043] Step detection accuracy 1n mobile devices, sach as mobile device 185 of FIG. 2, can be
wmproved by determining whether swinging is taking place and accounting for swinging if it is
occurring. FIG, 3 illustrates an example block diagrar of components that can be utilized by a
mobile and/or other device to implement the methods of improved step detection described
herein. In the illustrated embodiment, components may include a step detection module 320,
swing detection module 330, and/or a swing correction module 340, These componentis may be
implemented in the software and/or hardware of a mobile device as desceribed in more detail
below with regard to FIG. 15, In some embodiments, the swing correction module 340 can
implement swing correction and/or swing compensation. In some embodiments, the number of
clements may be greater or fewer than the number shown. In some embodiments, a greater or
fewer number of modude couplings may exist, and/or the couplings may be unidirectional in
either direction or bidirectional. While the modules 320, 330, and 344 are illustrated separate
from the sensing unit 310, all or a portion of cach of the modules may be implemented in

combination with the sensing unit 310,

{8044] The functionality of each module can vary, depending on destred functionality.
Sensing unit 310 can inclhude one or more accelerometers, gvroscopes, and/or other sensors
capable of providing data indicative of movement of a mobile device, such as sensors 1540
deseribed in more detail below with regard to FIG. 15. Step detection module 320 can be
configured to receive input from the sensing unit 310 and/or swing detection module 33¢ and
detect whether or not a user of the mobile device has made a step. Swing detection module 330
can reccive input from the sensing unit 310 and/or swing correction module 340 to determine
whether the mobile device is in a swing state {¢.g., swinging in the arm of the mobile device

user}.

{0045] Embodiments herein can utilize one or more techniques for swing detection, which may
be cxecuted by the swing detection module 338, Embodiments may further use this swing
detection to differentiate walking {c.g., image 140-A of FIG. 1A} from swinging the mobile
device in the hand while walking {¢.g., images 140-B and 140-C of FIGS. 1B and 1C,
respectively¥also referred to herein as a “swing state™), and correct detected steps accordingly.
Further, swing detection may be beneficial for other applications such as cstimating the

alignment of the user using inertial sensors.

Threshold Detection

it
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[0046] As indicated previously with regard to FIGS. 1B and 1C, swinging a mobile device
while walking typically result in larger peaks in acceleration data coliected by the mobile device
than by walking alone. This is because, during a swing, a cenirifugal force can act on the mobile
device 1n addition to gravity and the forces due to walking. The orientation of the centrifugal
force may be almost constant with respect to the device, resulting in larger variations in
acceleration data. Swinging may therefore be detected by simply determining whether

acceleration data meets or exceeds a certain threshold.

[0047] FIG. 415 a plot 400 of acceleration magnitude from a mobile device during a sequence
of activities, showing how a threshold can be atilized to determune swinging using acceleration
data. Here, acceleration data represents vertical acceleration, offset for gravity to center the data
at zero acceleration. In some embodiments, acceleration data can include total magnitude (¢.2.,
data from all 3 axes of an acceleromeier), or a combination of more than one axis of an

accelerometer. Other embodiments may not offset gravitational acceleration.

{6048] Different activities can be determined from different patterns of the acceleration data.
For example, the pattern exhibited in a first time period 410 represents walking., Time period
42{ shows random acceleration due to fidgeting, and time period 430 shows when the mobile
device is held still. Larger acceleration swings at time period 440 represent a user swinging the
device in a hand while walking. As shown, swings in acceleration are larger than acceleration
swings due to other activitics. A threshold can therefore be set, for example, such that any
acceleration at or above the threshold can indicate a swing. In this example, the threshold is at
approximately 2.5 m/s’. In embodiments in which acecleration is offset by gravity, the threshold
can be between 10 and 12 m/s”. Other embodiments may include thresholds higher or lower than

these examples.

{¢¢49] When a threshold is met or exceeded, a signal can be gencrated to indicate swinging.
For example, in addition to acceleration data, the plot 400 of FIG. 4 also shows a signal 450
generated to indicate swinging. This signal can be generated, for cxample, by the swing
detection module 330 of FIG. 3. The amplitude and frequency of the signal can vary, depending

on desired functionality,

{B050] FI1G. 5 is a tlow diagram of an example method 300 of swing detection. In some
embodiments, the method 500 can be performed by the swing detection module 330 of FIG. 3.

Additionally or alternatively, means for performing one or more of the components of the
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roethod 300 can include bardware and/or software means described in further detail in relation to
FIG. 15, Components of the method 500, although illastrated in a particular order, may be
performed in a different order and/or simultancously, according to different embodiments.
Moreover, a person of ordinary skill in the art will recognize many additions, omissions, and/or

other varigtions.

[8051] At block 518, one or more saroples of accelerometer data can be compared to a
threshold value. As stated previously, the threshold value can vary depending on a variety of
factors, such as the type of acceleration data being analyzed {e.g., a single axis of an
accelerometer or multiple axes), desired sensitivity, an identity of a mobile device user, and so
forth. In some embodiments, the threshold may be modified by the device and/or a remote
system based on received acceleration values from the user and/or other mobile device users.
This allows a device to increase accuracy of threshold-based swing detection by learning from
one of more users over fime. Means for providing the functionality at block S18 can include, for
example, processing unit(s) 1510, memory 1568, and/or other components of a mobile device

105 as described below in relation to FIG. 15.

{0052] At block 520, the sample and/or portions of accelerometer data surrounding the sample
are determined to correspond to a swing state if the sample exceeds the threshold value. In some
embodiments, a plurality of samples may be compared, and the determination may be made
based on one of the samples or multiple samples. In some embodiments, a swing state can be
determined if a majority of samples within a window are over the threshold. In some
embodiments, a swing state can be determined if any of the samples are over the threshold.
Means for providing the functionality at block 520 can include, for example, processing unit(s)
1510, memory 1560, and/or other components of a mobile device 105 as described below in

relation to FIG. 15,
Eigen Analysis

{6053} Eigenvalucs of acceleration data over a certain window can additionally or alternatively
be computed to determine whether swinging is occurring. Embodiments utilizing this Eigen
analysis can inchude calculating, for a window of time the cigenvalues of acceleration data from
one or more axes of the accelerometer. The window of time with which cigenvalues are

calculated can vary, depending on desired functionality. In some embodiments, the window of
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time can be caleolated to inchude 2 peaks of acceleration data. Other embodiroents moay siraply

include a window of time that is a fow scconds in length.

[0054] FEigenvalues reflect variance in data. Swinging results in large amounts of variance in
acceleration data, Thus, when a mobile device 1s subject to swinging, cigenvalues of
acceleration data may be significantly larger than doring normal walk, FIG. 6 is a cumulative
distribution function graph 600 illustrating variation in eigenvalues for swinging and non-
swinging states, showing increased variance 1n values {x axis) with an increased data points for
computing eigenvalues (v axis). Plots 640 and 630 represent first and second eigenvalues while
a mobile device is in a swing state, which are mwach higher than first and second cigenvalues
calculated while the mobile device is at a stationary position relative to a user while the user is
walking, as illustrated in plots 610 and 620. This difference mn eigenvalues while the mobile
device 1s in these two states {swinging while walking and walking only) can facilitate the

detection of the two states.

{B655] Eigen analysis for swing detection may not utilize all axes of an accelerometer. Where
only 1 or 2 axes are used, embodiments can also include determining which axis{es) has(have)
the most variance in data and using that data to calculate the cigenvalues. The eigenvalues can
be compared with predetermined thresholds to determing whether swinging is occurring.
Embodiments can include combined thresholds, separate thresholds (e.g., one for cach axis),

and/or ratios {¢.g., whether a ratio of eigenvaluel to cigenvalue? meets or exceeds a threshold).

[B0886] FIG, 715 a tlow diagram of an example method 700 of swing detection using Eigen
analysis. In some embodiments, the method 700 can be performed by the swing detection
module 330 of FIG. 3. Additionally or alternatively, means for performing one or more of the
components of the method 700 can include hardware and/or software means described in further
detail in relation to FIG. 15, Components of the method 700, although illustrated in a particular
order, may be performed in a different order and/or simultancously, according to different
embodiments. Morcover, a person of ordinary skill in the art will recognize many additions,

omissions, and/cr other variations.

{06571 At block 710, one or more cigenvalues of acceleration data are calculated. In some
embodiments, only the cigenvalues showing the most variance are used. These cigenvalues
typically correspond with accelerometer axes in which a device’s forward/backward movement

and vertical movement in relation fo a user arc manifest (as opposed to side-to-side movement of
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a device in relation to a user). Means for providing the functionality at block 710 can include, for
example, processing unit(s) 1510, memory 1560, and/or other compounents of a mobile device

105 as described below in relation to FIG. 15,

[B058] At block 720, the one or more eigenvalues are compared with one or more threshold
values, and at block 730, it is determined whether acceleration data corresponds to a swing state
based on the comparison at block 720. In some embodiments, a first and second eigenvalue may
be corapared to a single threshold, or to two respective thresholds, In sorme embodiments, a
swing state is determined if both eigenvalues are determuned to correspond to a swing state. In
some erobodiments, a swing state 1s determined if cither of the cigenvalues correspond to a
swing state. Additionally or alternatively, the comparison at block 720 can involve determining
whether a ratio of two eigenvalues {¢.g., ratio of largest eigenvalue to smallest eigenvalue)
exceeds a threshold, Means for providing the functionality at blocks 720 and/or 730 can include,
for example, processing unit{s} 1510, memory 1560, and/or other components of a mobtle device

105 as described below in relation to FIG. 15.

[8058] During a swing state, there may be a greater variation in the orientation of the mobile
device with respect to vertical as compared to normal walk, In some embodiments, gravity may
be estimated. For example, a low-pass filter on acceleration data (for example from the sensing
untt 310 of FIG. 3) may be used to estimate the direction of gravity. The angle made by the
current acceleration vector with gravity may be calculated and comparced against a threshold to
detect a swing statc. The low-pass filter may be included in the swing correction module 340 of
FIG. 3 and/or implemented in other hardware and/or software of a mobile device, as described in

further detail below with regard to FIG. 15,
Hybrid Freguency Analysis

{B06B] A frequency analysis of acceleration data for swing detection can be accurate, but may
cause delay because a frequency analysis typically requires data from a large window of time.
Peak detection, on the other hand, has littie or no delay, but may not be as accurate as a
frequency analysis. With this in mind, embodiments may employ a hybrid frequency analysis in
which autocorrelation (or another frequency analysis) can be performed on the acceleration data
to determine, for a given moment in time, whether the data has periodicity and, if so, its
frequency. Techniques for hybrid frequency analysis described below are with respect to

autocorrelation, but those having skill in the art will appreciate that other frequency analysis
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techniques may be used to extract features. For exarople, a Fourier transform such as an FFT

may be used in some cmbodiments,

[8061] Fregueoncy analysis techniques, such as autocorrelation, may be used to detect if a
signal from an accelerometer of a mobile device s periodic, and may further be used to estimate
the dominant frequency. In many situations, the dominant frequency corresponds to the step-rate
of user wearing or carrying the mobile device.

[8862] Autocorrelation can be used, for example over a small window of acceleration data, to
determine whether a signal representing the data s periodic and/or if a frequency of the sigoal
lies within a range that is expected for walking and/or ronning.

In some embodiments, autocorrelation may use the following formula:

Ei(/‘ft —H, )(14;7 —H ::‘;
e

T

R(T)= ()

{8063] FIG. 8 i3 a simplified timing diagram that helps illustrate 4,, 4., and T used in
cquation {1}. Blocks 4, and 4,,, represent data from windows of time, scparated by 1. The
stronger 4, and 4,., corrclate, the higher the output R¢7). The autocorrelation may be computed
over a fixed time window of acceleration for a fixed range of lag values, v. In some

embodiments, for cxample, a range of lag valucs can be from 0.3-2 seconds.

{0064] If no window of time is available for the frequency of analysis {e.g., the process has just
begun} a nominal step rate can be assumed. In some embodiments, for example, the nominal
step rate of 2 steps per seeond can be assumed. In other embodiments difforent step rates may be
assumed, which can be faster or slower than the rate of 2 steps per second. Some embodiments,
for example, may provide a customized nominal step rate based on historical data, information
regarding a uscr of the mobile device, and/or other data. Assuming a nominal step rate, in this

matter can prevent a time delay in the frequency analysis.

{80658} If autocorrelation exceoeds a threshold value, it indicates pertodicity. In some
embodiments, a threshold value may be 0.6, although other embodiments may have different
threshold values {c.g., 0.50, 0.55, 0.65, .70, 0.75, (.80, ¢tc.}, depending on desired functionality.
H periodicity is detected and the frequency is within a range of known step rates {(e.g., 0.3-2

second per step), then stepping may be occurring. If the frequency, when doubled, falls within
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this range {e.g., one peak per two steps, as o plot 100-B of Figure. 1B), swinging may

additionally/alternatively be occurring.

{B066] FIGS. 9A and 9B illustrate how autocorrelation can detect periodicity. FIG, 9A s an
acceleration plot showing peaks in acceleration data at roughly every half second. FIG. 8B is a
plot showing autocorrelation of the data of FIG. SA for lag values, 7, ranging rom 0.3 to 2
seconds. Peaks in autocorrelation occur at lag values 0.5, 1, 1.5, and 2, indicating a periodicity
of approximately 2 peaks per second. In thus example, because the frequency, when doubled
falls outside a range of step rates (i.e., 0.25 seconds per step is below the range of 0.3-2 seconds
per step), swinging may not be occurring. Of course, other embodiments may utilize ranges

and/or factors to determine if swinging is occurring.

{0067 FIG. 18 illostrates an example block diagram of components that can be utilized by a
mobile and/or other device to implement the methods of improved step detection described
herein, In the illustrated embodiment, components may inchude an autocorrelation module 1010,
peak detection module 1020, and/or a probability module 1030, Similar to modules shown in
FI(G. 3, these components may be implemented in the software and/or hardware of a mobile
device as described in more detail below with regard to FIG. 15, In some embodiments, one or
more of the modules 1010, 1020, and 1030 are implemented in the step detection module 320 of
FIG. 4. Insome embodiments, one or more of the modules 1010, 1020, and 1030 may be
impicmented instead or in addition in swing detection module 330 and/or swing correction
module 340 of FIG. 3. In some embodiments, one or more of the modules 1010, 1020, and 1030
arg implemented separate from one or more of the modules 320, 330, and 340 of FIG. 3. In
some embodiments, the number of module couplings may be greater or fower than the number
shown, and/or the couplings may be unidirectional in ¢ither direction or bidirectional. Allora
portion of cach of the modules 1010, 1020, and 1030, described in further detail below, may be

impicmented in combination with the sensing unit 310,

{0G68] FIG. 11 1s a flow diagram of an example method 1100 of swing detection using hybrid
frequency analysis. In some embodiments, the method 1100 can be performed by the swing
detection module 330 of FIG. 3 and/or modules 1010, 1020, and/or 1030 of FIG. 10.
Additionally or alternatively, means for performing one or more of the components of the
method 1100 can include hardware and/or software means described in further detail in relation

to FIG. 15, Components of the method 1100, although illustrated in a particular order, may be
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performed in a different order and/or simultancously, according to different embodiments.
Moreover, a person of ordinary skill in the art will recognize many additions, omissions, and/or

other varigtions.

[806%9] Atblock 1110, a frequency is determined from the acceleration data. For example,
autocorrelation module 1010 can receive acceleration data from seosing onit 310, If
autocorrelation does not detect periedic activity, a nominal step-rate {¢.g., 2 steps per second)
may be assumed in some embodiments. Means for providing the functionality at block 1110 can
include, for example, processing unit(s) 1510, memory 1560, and/or other components of a

mobtle device 105 as described below in relation to FIG. 15,

[B076]  Atblock 1120, it is determined that twice the determined frequency falls within a
predetermined range of known step rates. As illustrated in FIG. 1B, this can be indicative of
swinging, which can cause peaks in acceleration data at half a walking rate. As indicated
previously., Means for providing the functionality at block 1120 can include, for example,
processing unit{s) 1510, memory 1560, and/or other components of a mobile device 105 as

described below in relation to FIG. 15,

{86711 At block 1130, an indication that swinging may be occurring can be provided. The
indication can be, for example, a signal from a swing detection module 330 to a step detection
module 320. Depending on desired fimctionality, the indication can be binary (¢.g., swinging is
occurring} or may be indicative of a softer measure (¢.g., a probability that swinging is
occurring). Probabilities can be based on any of a variety of factors, such as a comparison of
historical data regarding step frequency of a user with the determined frequency. Means for
providing the functionality at block 1130 can include, for example, processing unit(s} 1510,
memory 1560, output device(s) 1515, wircless communication interface 1530, and/or other

components of a mobile device 105 as described below in relation to FIG. 15,

{8072] Optionally, at block 1148, because a steps may be occurring at twice the rate of the
determined frequency (as determined at block 11203, then a “missing step” may be indicated for
cach peak that may correlate to two steps {¢.g., where a step may otherwisce go undetected). This
may correspond to a scenario such as iliustrated in FIG. 1B, where swinging masks half the
peaks duc to walking. Means for providing the functionality at block 1140 can include, for

example, processing unit{s) 1510, memory 1560, output device(s) 1515, wircless communication
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interface 1530, and/or other components of a mobile device 105 as described below in relation to

FiG. 15

{8073} In some embodiments, missing steps can be reported, for example as a separate value n
an application programming interface {API), so that an apphication such as a pedometer, health or
context awareness application, fithess application, efc. can decide how they shounld be used. In
other embodiments, missing steps may be deducted from a step count (by, for example, the step
detection module 320) before a step count 1s provided via the APL In some embodiments, the
step detection module can correct the steps based on probability information {e.g., from
probability module 1030}, Those having skill in the art will appreciate other methods of uiilizing

a step or nussed siep determination,

{6074] Compounents used for hybrid frequency analysis (e.g., modules of FIG. 10} can
additionally or alternatively be used for step determination. FYG, 12 is a flow diagram of an
example method 1200 of step detection using hybrid frequency analysis. As with FIG. 11,
means for performing one or more of the components of the method 1200 of FIG. 12 can include
hardware and/or software means described in further detail in relation to FIG. 15, Components
of the method 1200, althongh llustrated in a particular order, may be performed in a ditferent
order and/or simultancously, according to different embodiments. Moreover, a person of

ordinary skill in the art will recognize many additions, omissions, and/or other variations.

{8075] Atblock 1210, similar to block 1110, a frequency is determined from the acceleration
data. And a nominal step-rate {c.g., 2 steps per second) may be assumed where no periodic
activity is nitially detected. Means for providing the functionality at block 1210 can include, for
example, processing unit(s) 1510, memory 1568, and/or other components of a mobile device

105 as described below in relation to FIG. 15,

{8876] At block 1220, peaks in acceleration magnitude, for example from the sensing unit 310,
may be detected and an instantancous step rate may be computed using a time interval between
peaks. In some embodiments, the peak detection module 1020 may perform the functionality at
block 1220, The peak detection may, for example, comprise computing a spread, 4, of

acceleration magnitude using the following formula:

b= (amax - amin:} x Siqgn{indexmax - indexmin} (2)
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{80771 A change in sign can indicate a peak or valley., Examples of acceleration spread and
peaks are tllustrated in FIG, 13, which plots acceleration magnitade 1310, acceleration spread
1320, and detected peaks (indicated as dots on the acceleration roagnitude). Means for providing
the functionality at block 1220 can include, for example, processing unit(s) 1310, memory 1560,

and/or other components of @ mobile device 105 as described below in refation to FIG. 15.

[B078] At block 1230, a probability (e.g., step probability) may be assigned or determuned, for
example by the probability module 1030 of FIG. 18, Probability can be based on any of a variety
of factors, In some embodiments, for example, probability can be based on the how close the
instantancous step-rate at block 1220 matches the step-rate returned by autocorrelation at block
1210, Means for providing the functionality at block 1230 can inchide, for example, processing
unit{s) 1510, memory 1560, and/or other components of a mobile device 105 as described below

in relation to FIG. 15,

[8078] Table 1 llustrates example code for calculating step probability, according to one

embodiment:

end

Table 1: Example Code for Caleulating Step Probability

{008G] In Tablc I, mu_dt can represent stride duration returned by autocorrelation, and delta®
can represent time between conseeutive peaks, for example as ilustrated in FIG. 13, In some
cmbodiments, delta® may be close to mu_dt. In some cmbodiments, the probability of a step is
high if delta¥ is close to mu_dt and small otherwise. Based on the probability, steps may be
detected by the mobile device. The syntax and format of the code in Table | can vary,

depending on desired functionality.

Gyroscope-Based Analysis

280



WO 2014/099232 PCT/US2013/071068

[0081] Proviously-described embodiments provide swing detection based on acceleration data
from, for example, an accelerometer. Accelerometers can be desirable for swing detection ina
mobtle device when power savings is an 1ssue, due to the relatively low power usage of
accelerometers as compared with other components that may be helpful in swing detection, such
as gyroscopes. Nonetheless, a mobile device may use a gyroscope for swing detection in certain
circumstances, such as when power savings 15 not necessartly at issue, or when the gyroscope 18
already generating data for another function or application. A gyroscope-based analysis for

swing determination can be executed in one or more of the following ways.

[B082] One example method 1s to calculate angular motion of the mobile device and determune
whether the angular motion, or change in angle, exceeds a threshold value, Data froma
gyroscope can provide an angular rate. By integrating this angular rate over a window of time
{c.g., a I-step interval, a 2-step interval, ete.), a change in angle can be determined. That is, the
integration changes measurements from degrees per second to degrees. Once this change in
angle (number of degrees) is determined, it can be compared with a threshold to determine
whether the mobile device is in a swing state, becanse the device undergoes a larger change in
angle when in a swing state than under walking or other circumstances. Because the mobile
device may be in any orientation while swinging, data from all 3 axes of a gyroscope and
determine whether the resulting change in angle from any of the 3 axes exceeds a threshold
value. The threshold value may depend on the length of the window of time in which gyroscope
data is integrated. Additionally or alternatively, different axes may have different threshold
values. According to some embodiments, a device can be determined to be in a swing state if the
change in angle cxceeds 5O degrees. This angle can vary depending on specific implementation.
In some embodiments, all 3 axes may be used in combination to avoid false detects in the swing
detection. For cxample, the z axis integrated angle could exceed 50 degrecs but a different

threshold, such as a minimum of 30 degrees, may still be checked for the x and v axes.

{0083] Another example method can include using accelerometer vertical and horizontal
components (for cxample, by determining gravitational-based acceleration} by using gyroscope
data. The individual components can be compared against thresholds to determine whether the
device is in a swing state, which can be highly accurate compared with other

techniques. According to some embodiments, a device can be determined to be in a swing state
if horizontal component exceeds 5 m/s2 and/or vertical component differs from gravity by more

than +/-3 m/s2. Because horizontal and vertical components are sgparated, this method can also
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be used for step detection, which can analyze the horizontal component to determine a step

count.

[0084] A variation of these gyroscope-based analyses—and other swing detection analyvses
detailed herein—can involve providing a probability or other variable output rather than a binary
output that indicates that a mobile device 18 either swinging or not swinging. The variable output
can be, for example, a probability that increases as the detection angular motion of the mobile
device increases. Such embodiments may not use any threshold values. Tn some embodiments,
the type of output—binary or variable—can vary, depending on the AP, application, and/or

other faciors,

[B083] Once it is determined whether a mobile device 1s undergoing a swing state using, for
example, any of the swing detection techniques previously described, an adjustment of the step
data can be made accordingly. FIG. 14 is a flow diagram of a method 1400 of swing
compensation in step detection, according to one embodiment. In some embodiments, means for
performing the method 1400 can include a mobile device, such as the mobile device 105 of FIG.
2, which may incorporate ong or more components shown in FIG. 3. Moreover hardware and/or
software means of the mobile device are desceribed in further detail in relation to FIG. 15,
Additionally or alternatively, one or more devices communicatively coupled with a mobile
device may perform some or all of the functions of method 1400, Components of the method
1400, although illustrated in a particular order, may be performed in a different order and/or
simultancously, according to different embodiments. Moreover, a person of ordinary skill in the

art will recognize many additions, omissions, and/or other variations.

{0G86] At block 1410, acceleration data indicative of movement of a mobile device is obtained.
The acceleration data can be provided by one or more accelerometers embedded in and/or
communicatively coupled with the mobile device. Depending on desired functionality, the
acceleration data can be indicative of acceleration of the mobile device over a window of time,
or may be provided in real-time or near real-time, as the acceleration data is being generated.
Means for providing the functionality at block 1410 can include, for cxample, sensor{s) 1540,
input device{s) 1570, wireless communication interface 1530, and/or other components of a

maobile device 105 as described below in relation to FIG. 15.

{06871 At block 1420, it is determined whether the mobile device may be swinging in 2 hand

of a user of the mobile device. Swing detection can be executed in any of a variety of ways,
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including one or more of the methods previously described, which may process the acceleration
data and/or compare data against one or more thresholds. As indicated above, swing detection
may additionally or aliernatively utilize information from a gyroscope. Further, depending on
desired functionality, the determination of whether the mobile device may be swinging in a band
of the user can be binary {e.g., ves or no) or may be variable {¢.g., a probability or other
confidence metric that the device 1s swinging o the hand of a aser). Means for providing the
functionality at block 1420 can inclade, for example, processing unit(s) 1510, memory 1560,

and/or other components of a mobile device 105 as described below in relation to FIG. 15,

[B088] At block 1430, step data is outputted based on the acceleration data and the
determination whether the mobile device may be swinging in the hand of a user. The step data
may be outputted via, for example, and AP to an application executed by the mobile device.
Additionally or alternatively, the step data may be sent to a separate device. As indicated
previously, step data may inchude a step count and/or a probability associated with the step
count, a swing probability, a namber of “missteps” (1.¢., undetected steps} due to swinging
and/or a probability (or other confidence metric) associated with one or more of the missteps,
and the like, depending on desired functionality. Means for providing the functionality at block
1430 can include, for example, processing unit(s} 1510, memory 1560, output device(s} 1515,
wireless communication interface 1530, and/or other components of a mobtle device 105 as

described below in relation to FIG. 15,

{0G89]  FIG. 18 illustrates an embodiment of a mobile device 105, which can imploment the
image capture, processing, and/or display techniques discussed herein, such as the methods
shown in FIGS. 5,7, 11, 12, and 14, Furthermore, modules of FIGS. 3 and 10 can be
impicmented using hardware and/or software components of the mobile device 105 shown in
F1G. 15. It should be noted that FIG. 15 is meant only to provide a generalized illustration of
various components, any or all of which may be utilized as appropriate. Morcover, system
clements may be implemented in a relatively separated or relatively more integrated manner.
Additionally or alternatively, some or all of the components shown in FIG. 15 can be utilized in

another computing device communicatively coupled with the mobile device 105,

{B09¢] The mohile device 105 is shown comprising hardware clements that can be electrically
coupled via a bus 1505 {or may otherwise be in communication, as appropriate). The hardware

clements may include a processing unit(s} 1510 which can include without limitation onc or
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roore general-purpose processors, one or more special-purpose processors (such as digital signal
processors {D5Ps), graphics acceleration processors, application specific integrated circuits
{ASICs), and/or the hike), and/or other processing structure or means, which can be configured to
perform one or more of the methods described herein, inclading methods llustrated in FIGS. §,
7,11, 12, and 14, Ags shown in FIG. 15, some embodiments may have a separate DSP 1528,
depending on desired functionality. The mobile device 105 also can include one or more input
devices 1570, which can include without limitation one or more camera(s), a touch screen, a
touch pad, microphone, button(s), dial(s), switch{es), and/or the like; and one or more output
devices 1515, which can include without limitation a display, light emutting diode (LED),

speakers, and/or the like.

{#0%1] The mobile device 105 might also include a wireless communication interface 15346,
which can include without limitation a modem, a network card, an infrared communication
device, a wireless communication device, and/or a chipset {such as a Bluetooth™ deviee, an
IEEE 1502.11 device, an IEEE 1502.15.4 device, a Wik device, a WiMax device, cellular
compounication facilities, ete.), and/or the like. The wireless commumnication mterface 1530 may
permit data to be exchanged with a network, wireless access points, other computer systems,
and/or any other electronic devices described herein. The comynunication can be carried out via
one of more wircless coromunication antenna(s) 1532 that send and/or receive wireless signals

1534,

{0082] Depending on desired functionality, the wireless communication interface 1530 can
mnclude separate transcetvers to cornmunicate with base transceiver stations {e.g., base
transceiver stations of a cellular network) and access points. These different data networks can

nclude, an OFDMA and/or other type of network.

{8683] The mobile device 105 can further include sensor(s) 1540, Such sensors can inchude,
without limitation, one or more accelerometer(s), gvroscope(s), camera(s), magnetometer(s),
altimeter(s}), microphone(s), proximity sensor(s), light sensor(s), and the like. Atleast a subset of
the sensor(s) 1548 can provide motion detection for swing and/or step detection as discussed

herein, and may comprise the sensing unit 310 of FIG. 3.

{8694] Embodiments of the mobile device may also include a Sateliite Positioning System
(SPS) receiver 1580 capable of receiving signals 1584 from one or more SPS satellites using an

SPS antenna 1582, Such positioning can be utilized to complement and/or incorporate the
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techniques described herein, It can be noted that, as used herein, an SPS may include any
combination of one or more global and/or regional navigation satellite systems and/or
augmentation systems, and SPS signals may inclade SPS, SPS-like, and/or other signals

associated with such one or more SPS.

[0095] The mobile device 105 may further inclode and/or be in communication with a memory
1560, The memory 1560 can include, without lirnttation, local and/or network accessible
storage, a disk drive, a drive array, an optical storage device, a solid-state storage device, such as
a random access memory {(“RAM”), and/or a read-only memory ("ROM”}, which can be
programmable, flash-updateable, and/or the like. Such storage devices may be configured to
implement any appropriate data stractures, such as the FIFO and/or other memory utilized by the
techniques described herein, and may be alocated by hardware and/or software elements of an
OFDM receiver, Additionally or alternatively, data structures described herein can be
implemented by a cache or other local memory of a DSP 1520 or processing unit{s} 1510,
Memory can further be used to store an tmage stack, motion sensor data, and/or other

information described herein.

{8896] The memory 1560 of the mobile device 105 also can comprise software elements {not
shown), including an operating system, deviee drivers, executable Bibraries, and/or other code,
such as one or more application programs, which may comprise computer programs provided by
various embodiments, and/or may be designed to implement methods, and/or configure systems,
provided by other embodiments, as described herein. Mercly by way of example, one or more
procedures described with respect to the method(s) discussed above, such as the methods
ithastrated in FIGS. 5, 7, 11, 12, and/or 14, might be implemented as code and/or instructions
executable by the mobile device 105 {and/or processing unit{s) 1510 within a mobile device 105)
and/or stored on a non-transitory and/or machine-readable storage medium {e.g., a “computer-
readable storage medium,” a “machine-readable storage medium,” ¢te.), such as memory 1560,
In an aspect, then, such code and/or nstructions can be used to configurc and/or adapt a general
purpose processor {or other device} to perform one or more operations in accordance with the

described methods.

{0097} It will be apparent to those skilled in the art that substantial variations may be made in
accordance with specific requirements. For cxample, customized hardware might also be used,

and/or particular clements might be implemented in hardware, software (including portable

25



WO 2014/099232 PCT/US2013/071068

software, such as applets, ¢tc.), or both. Further, connection to other computing devices such as

network input/ocutput devices may be emploved.

[B088] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures or components as appropriaic,
For mstance, 1o alternative configurations, the methods may be performed in an order different
from that described, and/or various stages may be added, omutted, and/or combined. Also,
features described with respect to certain configurations may be combined in various other
configurations, Different aspects and elements of the configurations may be combined ina
similar manner. Also, technology evolves and, thus, many of the clements are examples and do

not himit the scope of the disclosure or claims,

[B089] Terms, “and” and “or” as used herein, may nclude a variety of meanings that also is
expected to depend at least in part upon the context in which such terms are used. Typically,
“or” if used to associate a Hst, such as A, B, or , 1s intended to mean A, B, and €, here used in
the inciusive sense, as well as A, B, or C, here used in the exclusive sense. In addition, the term
“one or more” as used herein may be used to deseribe any feature, structure, or characteristic in
the singular or may be used to describe some combination of features, structures, or
characteristics. However, it should be noted that this is merely an llustrative example and
claimed subject matter is pot limited to this example. Furthermore, the term “at least one of” if
used to associate a list, such as A, B, or €, can be interpreted to mean any combination of A, B,

and/or C, such as A, AB, AA, AAB, AABBCCC, etc,

{01680] Having described several example configurations, various modifications, alternative
constructions, and cquivalents may be used without departing from the spirit of the disclosure.
For example, the above clements may be components of a larger system, wherein other rules
may take precedeonce over or otherwise modify the application of the invention. Also, a number
of steps may be undertaken before, during, or after the above elements are considered.

Accordingly, the above description does not bound the scope of the claims.
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WHAT IS5 CLEAIMED IS:

1. A method of swing compensation in step detection, the method
comprising:
obtaining acceleration data indicative of movement of a mobile device;
determining whether the mobile device may be swinging in ahand of a
user of the mobile device: and
outputting step data based on:
the acceleration data, and
the determination whether the mobile device may be swinging in

the hand of the user.

2. The method of claim 1, wherein determining whether the mobile
device may be swinging in the hand of the user comprises determining whether the

acceleration data exceeds a threshold value.

3. The method of claim 2, wherein the threshold value is between 10
and 12 nvs’,
4, The method of claim 1, wherein determining whether the mobile

device may be swinging in the hand of the user comprises calculating cigenvalues of the

acceleration data.

5. The method of claim 4, further comprising determining whether at

lcast onc cigenvalue cxceeds a threshold value.

6. The method of claim 4, further comprising determining whether a

ratio of the cigenvalucs exceeds a threshold value.

7. The method of claim 1, wherein determining whether the mobile
device may be swinging in the hand of the user comprises conducting a frequency

analysis of the acceleration data.

8. The method of claim 7, wherein the frequency analysis comprises

autocorrelation.

]
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9. The method of claim 7, wherein the frequency analysis comprises

combining the acceleration data with a nominal step rate.

10, The method of claim 7, wherein the frequency analysis comprises:
determining a frequency from the acccleration data; and
determining that twice the determined frequency falls within a

predetermined range of known step rates.

i1, The method of claim 1, further including determining a probability

related to the determination of whether the user made a step.

12. The method of claim 1, wherein determining whether the mobile
device may be swinging in the hand of the user comprises:

cstimating a direction of gravity;

determining an angle of the mobile device in relation to the direction of
gravity; and

determining whether the angle exceeds a threshold value.

13. The method of claim 1, wherein determining whether the mobile

device may be swinging in the hand is based, at lcast in part, on data from a gyroscope.

14. The method of claim 1, wherein outputting step data comprises

outputting a number of detected steps.

15, The method of claim 14, wherein the number of detected steps is
altered from an original number, based on the determination whether the mobile device

may be swinging in the hand of the user.

16. The method of claim 14, wherein outputting step data further

comprises outputting a number of undetected steps.

7. The method of claim 14, wherein outputting step data further

comprises outputting a probability associated with the number of detected steps.

8. An apparatus comprising:
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a memory; and
a processing unit coupled to the memory and configured to perform
functions including:
obtaining acceleration data indicative of movement of a mobile
device;
determining whether the mobile device may be swinging in a hand
of a user of the mobile device; and
outputting step data based on:
the acceleration data, and
the determination whether the mobile device may be

swinging n the hand of the user.

19. The apparatus of claim 18, further comprising an accelerometer
communicatively coupled with the processing unit and configured to provide the

acceleration data.

20, The apparatus of claim 1§, wherein the processing unit is further
configurcd to determine a probahility related to the determination of whether the user

madc a step.

21, The apparatus of claim 18, wherein the processing unit is
configured to determine whether the mobile device may be swinging in the hand of the
user by:

estimating a direction of gravity;

determining an angle of the mobile device in relation to the divection of
gravity; and

determining whether the angle exceeds a threshold value.

22 The apparatus of claim 1§, wherein the processing unit is
configured to determine whether the mobile device may be swinging in the hand is based,

at least in part, on data from a gyroscope.
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23. The apparatus of claim 18, wherein the processing unit is

configured to output step data by outputting a number of detected steps.

24. The apparatus of claim 23, wherein the processing unit is
configured to alter the number of detected steps from an original mumber, based on the

determination whether the mobile device may be swinging in the hand of the user.

28. The apparatus of claim 23, wherein the processing onit is firther

configured to output a number of undetected steps.

26. The apparatus of claim 23, wherein the processing onit is firther

configured to output a probability assoctated with the number of detected steps.

27. A device comprising:
means for obtaining acceleration data indicative of movement of a mobile
device;
means for determining whether the mobile device may be swinging in a
hand of a user of the mobile device; and
means for outputting step data based on:
the acceleration data, and
the determination whether the mobile device may be swinging in

the hand of the user.

28, The device of elaim 27, wherein the means for determining
whether the mobile device may be swinging in the hand of the user comprise means for

calculating cigenvalues of the acceleration data.

29, The device of ¢laim 28, further comprising means for determining

whether at least one cigenvalue exceeds a threshold value.

36 The device of ¢laim 28, further comprising means for determining

whether a ratio of the eigenvalues exceeds a threshold value.
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31. The device of ¢laim 27, wherein the means for determining
whether the mobile device may be swinging in the hand of the user comprise means for

conducting a frequency analysis of the acceleration data.

32. The device of claim 31, wherein the frequency analysis comprises

autocorrelation.

33, The device of claim 31, wherein the means for conducting the
frequency analysis comprise means for combining the acceleration data with a nominal

step rate.

34, The device of claim 31, wherein the means for conduacting the
frequency analysis comprise:

means for determining a frequency from the acceleration data; and

means for determining that twice the determined frequency falls within a

predetermined range of known step rates.

Ind

38. A computer-readable storage mediom having instructions
embedded thereon for causing one or more computing devices to perform swing
compensation in step detection, the instructions comprising comprter code for:
obtaining acceleration data indicative of movement of a mobile device;
determining whether the mobile dovice may be swinging in a hand of a
user of the mobile device; and
outputting step data based on:
the acceleration data, and
the determination whether the mobile device may be swinging in

the hand of the user,

36.  The computer-readable storage medium of claim 35, wherein the
code for determining whether the mobile device may be swinging in the hand of the user

includes code for determining whether the acceleration data exceeds a threshold value.
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37. The computer-readable storage medium of claim 35, wherein the
code for determining whether the mobile device may be swinging in the hand of the user

includes code for calculating eigenvaluces of the acceleration data.

-

38.  The computer-readable storage medium of claim 35, wherein the
code for determining whether the mobile device may be swinging in the hand of the user

includes code for conducting a frequency analysis of the acceleration data.

39, The computer-readable storage medium of claim 35, wherein the
code for determuning whether the mobile device may be swinging in the hand of the user
includes code for

gstimating a direction of gravity;

determining an angle of the mobile device in relation to the direction of
gravity; and

determining whether the angle exceeds a threshold value.

4¢.  The computer-readable storage medium of claim 35, wherein the

code for outputting step data includes code for outputting a number of detected steps.
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AMENDED CLAIMS
received by the International Bureau on 21 April 2014 (21.04.2014)

1. A method of swing compensation in step detection, the method
comprising:
obtaining acceleration data indicative of movement of a mobile device;
calculating cigenvalues of the acceleration data;
determining, based on the calculated eigenvalues of the acceleration
data, whether the mobile device is swinging in a hand of a user of the mobile device;
and
outputting step data based on:
the acceleration data, and
the determination whether the mobile device is swinging in the

hand of the user.

5. The method of claim 1, further comprising determining

whether at least one cigenvalue exceeds a threshold value.

6. The method of claim 1, further comprising determining

whether a ratio of the eigenvalues exceeds a threshold value.

il. The method of claim 1, wherein outputting step data comprises
outputting a determination of whether the user made a step, the method further
inchuding determining a probability related to the determination of whether the user

made a step.

14. The method of claim 1, wherein outputting step data comprises

outputting a number of detected steps.

15. The method of claim 14, wherein the number of detected sieps
is altered from a previously-determined number, based on the determination whether

the mobile device is swinging in the hand of the user.

i6. The moethod of claim 14, wherein outputiing step data further

comprises outputting a number of undetected steps.

33
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7. The method of claim 14, wherein outputting step data further

comprises outputting a probability associated with the number of detected steps.

18. An apparatus comprising:
a memory; and
a processing unit coupled to the memory and configured to perform
functions including:
obtaining acceleration data indicative of movement of a mobile
device;
calculating cigenvalues of the acceleration data;
determining, based on the calculated eigenvalues of the
acceleration data, whether the mobile device s swinging in a hand of a user of
the mobile device; and
outputting step data based on:
the acceleration data, and
the determination whether the mobile device is

swinging in the hand of the user.

20. The apparatus of claim 18, wherein the processing unit is
further configured to output a determination of whether the user made a step, and

determine a probability related to the determination of whether the user made a step.

23. The apparatus of claim 18, wherein the processing unit is

configured to output step data by outputting a number of detected steps.

24. The apparatus of claim 23, wherein the processing unit is
configured to alter the number of detected steps from a previously-determined
number, based on the determination whether the mobile device is swinging in the

hand of the user.

25. The apparatus of claim 23, wherein the processing unit is

further configured to output a nurnber of undetected steps.

34
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26. The apparatus of claim 23, wherein the processing unit is
further configured to output a probability associated with the number of detected

steps.

7. A device comprising:
means for obtaining acceleration data indicative of movement of a
mobile device;
means for calculating cigenvalues of the acceleration data;
means for determining, based on the calculated cigenvalues of the
acceleration data, whether the mobile device is swinging in a hand of a user of the
mobile device; and
means for outputting step data based on:
the acceleration data, and
the determination whether the mobile device is swinging in the

hand of the user.

249, The device of claim 27, further comprising roeans for

determining whether at least one cigenvalue exceeds a threshold value.

30. The device of claim 27, further comprising means for

determining whether a ratio of the eigenvalues exceeds a threshold value.

35
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35. A computer-readable storage medium having instructions embedded
thereon for causing onge or more computing devices to perform swing compensation in step
detection, the instructions comprising compuicr code for:

obtaining acceleration data indicative of movement of a mobile device;

calculating eigenvalues of the acceleration data;

determining, based on the calculated eigenvalues of the acceleration data,
whether the mobile device is swinging in a hand of a uscr of the mobile device; and

outputting step data based on:

the acceleration data, and
the determination whether the mobile device is swinging in the hand
of the user.

40. The computer-readable storage mediurn of claim 35, wherein the code for outputting
step data inchides code for outputting a mumber of detected steps.

36
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