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(57) Abstract: A mobile device monitors accelerations using one or more inertial sensors. A user activity is identified based on
the accelerations. A {first estimation is made of a user activity statistic associated with the user activity based on the accelerations.
Location information is obtained by one or more location based sensors. A second estimation is made of the user activity statistic
based on the location information. The user activity statistic is calculated based on the first estimation and the second estimation.
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SENSOR FUSION FOR ACTIVITY IDENTIFICATION

FIELD OF THE INVENTION
[0001] This invention relates to monitoring human activity, and more
particularly to accurately calculating user activity statistics using a location

based sensor and an inertial sensor.

BACKGROUND

[0002] The development of Micro-Electro-Mechanical Systems
(MEMS) technology has enabled manufacturers to produce inertial sensors
(e.g., accelerometers) that have a small size, cost, and power consumption.
Global positioning system (GPS) sensors have also been developed that are
of small size, cost and power consumption. Some manufacturers of
unmanned aerial vehicles (UAVs) have begun using navigation systems that
combine sensor readings of inertial sensors and sensor readings of GPS
sensors via sensor fusion to improve navigation. UAVs always perform the
same type of motions (flight in a forward direction). Therefore, the navigation
systems are not required to identify different types of activities. Nor are the
navigation systems capable of performing activity identification. Moreover,
the navigation systems are also incapable of determining activity statistics
associated with particular activities.

[0003] Recent advances have enabled inertial sensors and GPS
sensors to be installed in a limited number of mobile commercial electronic
devices such as cellular phones and portable computers. However, no such
mobile devices are currently offered that perform sensor fusion to combine

GPS sensor readings and inertial sensor readings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present invention is illustrated by way of example, and
not by way of limitation, and can be more fully understood with reference to
the following detailed description when considered in connection with the
following figures:

[0005] Figure 1 is a block diagram illustrating an electronic device,
in accordance with one embodiment of the present invention;

[0006] Figure 2 illustrates a block diagram of an activity monitoring
system, in accordance with one embodiment of the present invention;

[0007] Figure 3 illustrates a flow diagram for a method of
monitoring human activity using an inertial sensor and a location based
sensor, in accordance with one embodiment of the present invention;

[0008] Figure 4 illustrates a flow diagram for a method of
monitoring human activity using an inertial sensor and a location based
sensor, in accordance with another embodiment of the present invention;

[0009] Figure 5A illustrates a flow diagram for a method of filtering
user activities based on location information, in accordance with one
embodiment of the present invention;

[0010] Figure 5B illustrates a flow diagram for a method of filtering
location information based on acceleration measurements, in accordance with
one embodiment of the present invention;

[0011] Figure 6 illustrates a flow diagram for a method of
automatically initiating actions based on location measurements, in
accordance with one embodiment of the present invention; and

[0012] Figure 7 illustrates a flow diagram for a method of planning

a route, in accordance with one embodiment of the present invention;
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[0013] Figure 8 illustrates a flow diagram for a method of tracking
user progress along a defined path, in accordance with one embodiment of
the present invention;

[0014] Figure 9 illustrates a flow diagram for a method of calibrating
a stride length correlation model, in accordance with one embodiment of the
present invention; and

[0015] Figure 10 illustrates a block diagram of a machine in the
exemplary form of a computer system, in accordance with one embodiment of

the present invention.

DETAILED DESCRIPTION

[0016] Embodiments of the present invention are designed to monitor
human activity using multiple sensors. In one embodiment, a mobile device
monitors accelerations using an inertial sensor. A user activity is identified
based on the accelerations. Examples of user activities include walking,
running, rollerblading, bicycling, etc. A first calculation is made of a user
activity statistic associated with the user activity based on the accelerations.
User activity statistics include periodic human motion counts, distance
traveled, location, calories burned, etc. Location information is obtained by a
location based sensor. A second calculation is made of the user activity
statistic based on the location information. The final user activity statistic is
calculated based on the first calculation and the second calculation.

[0017] Figure 1 is a block diagram illustrating an electronic device
100, in accordance with one embodiment of the present invention. Electronic

device 100 may be a cellular phone, wrist watch, mp3 player, personal digital
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assistant (PDA), mobile game console, laptop computer, or any other device
which can support at least two sensors and be carried by a user.

[0018] In one embodiment, the electronic device 100 is a portable
electronic device that includes one or more inertial sensors 135 and one or
more location based sensors 165. The inertial sensor 135 may measure
accelerations along a single axis or multiple axes, and may measure linear as
well as rotational (angular) accelerations. In one embodiment, one or more
inertial sensors together provide three dimensional acceleration measurement
data.

[0019] The inertial sensor 135 may generate acceleration
measurement data 175 continuously, or at a sampling rate that may be fixed
or variable. In one embodiment, the inertial sensor 135 receives a timing
signal from a timer (not shown) to take measurements at the sampling rate.

[0020] The location based sensor 165 can include a single location
based sensor, or multiple location based sensors (e.g., multiple different
types of location based sensors). In one embodiment, the location based
sensor 165 includes a global positioning system (GPS) sensor, which may
include a GPS antenna and a GPS receiver. The GPS sensor obtains
location information from one or more GPS satellites.

[0021] In one embodiment, the location based sensor 165 includes
a network localization sensor. A network localization sensor determines a
position by receiving signals from multiple sources that have known locations,
and calculating the position based on the combined signals using
trigonometric relations. Network localization sensors may determine location
based on trilateration, multilateration and/or triangulation. The signals used to

determine location may be radio frequency (RF) signals formatted according
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to the Bluetooth protocol, Zigbee protocol, wireless fidelity (WiFi) protocol,
global system for mobile communications (GSM) protocol, 3G mobile
communications protocol, etc. For example, a first network localization
sensor may perform network triangulation using signals received from a
mobile phone service provider’s cell towers. In another example, a second
network localization sensor may perform triangulation using wireless fidelity
(WIiFi) signals received from multiple nearby WiFi access points (e.g.,
hotspots).

[0022] In one embodiment, the location based sensor 165 includes
a radio frequency identification (RFID) reader that reads transponders (e.g.,
passive integrated transponders (PITs)). Each transponder may report a
specific location. When, for example, a transponder that reports location A is
read, the location based sensor 165 knows to a high degree of certainty that
the electronic device 100 is at location A. Alternatively, the location based
sensor 165 may itself include a PIT that is read by an RFID reader at a known
location. Upon the PIT being read by a particular RFID reader having a
known location, the location based sensor 165 may learn its current location.

[0023] Multiple location based sensors 165 may be used separately
or together. When used separately, each location based sensor 165 may
independently determine a location of the electronic device 100, and report
the location to a location processor 170. When used together, the capabilities
of one location based sensor 165 can be used to augment the capabilities of
another location based sensor 165. Examples of such cooperative use of
location based sensors 165 include assisted GPS and enhanced GPS, in

which location data reported by a network localization sensor is used to
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augment a GPS sensor. A single location may then be reported to the
location processor 170.

[0024] The location based sensor 165 may generate location
information continuously, or at a sampling rate that may be fixed or variable.
In one embodiment, the location based sensor 165 receives a timing signal
from a timer (not shown) to take measurements at the sampling rate. The
location based sensor 165 may obtain location measurements at a sampling
rate that is the same as or different from the sampling rate at which the
inertial sensor 135 collects acceleration measurement data.

[0025] The location based sensor (or location based sensors) 165
can report a position of the electronic device 100 as a latitude and longitude,
and may report a horizontal accuracy. In one embodiment, the horizontal
accuracy of the location is reported as a confidence radius. For example, a
location may be reported with a horizontal accuracy of 10m, meaning that the
reported location is accurate within a circle having a 10m radius. Accuracy of
the location may vary from about 10m to about 300m for location data
obtained by a GPS sensor, depending on user location (e.g., in a city, under
open sky, under a tree, in a building, etc.). The location information may
further include an altitude, and may include a vertical accuracy. The location
information may also include a time that the location was recorded.

[0026] In one embodiment, the inertial sensor 135 is coupled to a
motion processor 120. The motion processor 120 processes acceleration
measurement data received from the inertial sensor 135 to identify user
activities. Examples of user activities that can be identified include walking,
running, rollerblading, bicycling, cross country skiing, and other repetitive

motion-based activities. The motion processor 120 also estimates user
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activity statistics based on the acceleration measurement data. User activity
statistics may include multiple statistics associated with user activities (e.qg.,
running and/or walking). Examples of user activity statistics include data
about recent workouts, distance traveled per workout, distance traveled per
day, average speed, highest speed, average incline of surface traveled, etc.

[0027] The motion processor 120 may identify a current user activity
from a plurality of identifiable user activities. In one embodiment, the motion
processor 120 identifies a user activity by monitoring for different events,
each event indicative of a different type of activity. Events occur when certain
motion criteria are satisfied (e.g., when a motion signature indicative of a step
occurs within a certain period). In one embodiment, when enough events
indicative of a particular user activity are detected, the motion processor 120
identifies the activity as being performed by the user. In one embodiment,
events may include positive events (ones that must be met to classify a
motion in a certain way) and negative events (ones that indicate that a motion
cannot be classified certain way).

[0028] Once the motion processor 120 has identified a user activity,
the motion processor 120 may apply a set of motion criteria specific to the
identified activity to estimate one or more user activity statistics (e.g., to detect
appropriate periodic human motions). Motion criteria may include
acceleration thresholds (e.g., a step may be counted if the measured
acceleration is below a first threshold and/or above a second threshold),
acceleration comparison requirements (e.g., a step may be counted if a
current measurement of acceleration is above or below one or more previous

measurements of acceleration), cadence windows (e.g., a step may be
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counted if accelerations characteristic of a step occur within a certain
timeframe as measured from a previous step), etc.

[0029] One type of user activity statistic that the motion processor
120 can determine is a number of steps (or other periodic human motions)
taken. In one embodiment, a series of motion criteria are applied to the
acceleration measurement data to detect steps or other periodic human
motions. If each of the motion criteria are satisfied, a step may be identified,
and counted. Alternatively, if a sufficient number of the motion criteria are
satisfied, without a number of negative events, a step may be counted. In
one embodiment, a different set of motion criteria may apply for running, for
walking, and/or for other periodic human motions. For example, a first
threshold and first cadence window may be used to determine if a step has
occurred while a user is running, and a second threshold and second
cadence window may be used to determine if a step has occurred while a
user is walking.

[0030] Another type of user activity statistic that can be determined
by the motion processor 120 is a distance traveled. A user’s stride length can
be determined for a step based on gait characteristics associated with the
step. Examples of gait characteristics include step cadence, heel strike, and
other gait characteristics that can be derived from acceleration
measurements. For example, if a step cadence of 70 steps per minute and a
specific heel strike are detected, a stride length of 2 ft. may be determined.
Step detection and the calculated stride length of each step can then be used
to calculate distance traveled.

[0031] In one embodiment, the stride length is determined by

comparing gait characteristics to a stride length correlation model. The stride
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length correlation model correlates stride lengths to steps (or other periodic
human motions) based on gait characteristics associated with the step (e.qg.,
step cadence, heel strike, and other gait characteristics that can be derived
from acceleration measurements). In one embodiment, the stride length
correlation model includes a stride length algorithm that identifies a specific
stride length when one or more gait characteristics are used as input. The
stride length algorithm may vary depending on user attributes (e.qg.,
depending on user weight, height, athletic ability, etc.).

[0032] In one embodiment, the stride length correlation model
includes a stride length data structure (e.g., a lookup table, tree, etc.) that has
a collection of entries. Each entry may associate a specific set of gait
characteristics with a specific stride length. For example, the data structure
may include a first entry associating a cadence of 70 steps per minute with a
stride length of 2.6 feet, a second entry associating a cadence of 100 steps
per minute with a stride length of 3 feet, etc. Each entry in the data structure
may be associated with a range of gait characteristics. Therefore, for
example, the cadences of 5-10 steps per minute may all be associated with a
stride length of 2 feet in an entry. The use of a data structure may require
less computing power than the use of the algorithm. The greater the number
of entries, the more accurate the data structure, but the more memory it may
require.

[0033] Other user activity statistics that the motion processor 120
can estimate include calories burned, route traveled, average speed of travel,
maximum speed of travel, workout intensity, vertical distance traveled, and so

on. These user activity statistics may be determined based on knowledge of
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user attributes (e.g., user weight, height, age, athletic ability, etc.), current
user activity, and acceleration measurement data.

[0034] In one embodiment, steps (or other periodic human motions)
may be accurately counted, and speed and distance traveled may be
accurately determined by the motion processor 120, regardless of the
placement and/or orientation of the electronic device 100 on a user. In a
further embodiment, steps may be accurately counted, and speed and
distance may be accurately determined, whether the electronic device 100
maintains a fixed orientation or changes orientation during use. In one
embodiment, this can be achieved by monitoring the acceleration
measurements to determine a dominant axis (axis that is most affected by
gravity), and identifying a relationship between the axes of the inertial sensor
and an orientation of the user based on the dominant axis.

[0035] In one embodiment, the motion processor 120 determines
an accuracy of the calculated user activity statistics, as well as a confidence
for the determined user activity. The accuracy can be determined based on
the regularity (e.g., repeatability) of the user’'s motions, a number of positive
events and negative events that are identified, motion criteria that are
satisfied, etc. In one embodiment, the accuracy/confidence of the user
activity and the user activity statistics are reported as a percentage of
certainty. For example, the motion processor 120 may determine that there is
a 94% likelihood that the user is walking at a cadence of 25 steps per minute.
Alternatively, the confidence may be reported as a standard deviation,
probability distribution, etc. In one embodiment, the motion processor 120
can report multiple user activities, and a likelihood that each is being

performed. For example, the motion processor 120 may determine that there

10
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is a 35% likelihood that the user is running and a 65% likelihood that the user
is speed walking.

[0036] In one embodiment, the map is used to plan a path between
a starting location and an ending location. Path planning is described in
greater detail below with reference to Figure 7. In one embodiment, the map
is used to direct a user through a path and/or to provide instructions to the
user as the user traverses the path. Such an embodiment is described in
greater detail below with reference to Figure 8.

[0037] Referring to Figure 1, in one embodiment, the location
based sensor 165 is coupled to a location processor 170. The location
processor 170 processes location measurement data received from the
location based sensor 165. Based on the location information, the location
processor 170 estimates user activity statistics such as speed of travel, route
traveled, etc.

[0038] In one embodiment, the location processor 165 receives
location information from multiple location based sensors 165. The location
processor 170 may determine which of the location based sensor 165 is
providing the most accurate location information, and use that location
information to estimate user activity statistics. In one embodiment, the
location processor 170 determines an accuracy of each of the user activity
statistics that it estimates. The accuracy of the user activity statistics may be
determined based on an accuracy of the location information reported by the
location based sensor 165.

[0039] In one embodiment, the location processor 170 includes a
map (or has access to a map, such as from a web mapping service). The

user location may be compared to the map to determine the type of terrain
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that the user is traveling on. For example, the location processor 170 may
determine that the user is traveling on a paved sidewalk, on a dirt trail, on a
track, in a building, etc.

[0040] In one embodiment, the location processor 170 automatically
performs an action when a predetermined location is identified. The action
may be initiating a run application, or another appropriate action. The
predetermined locations may be configured by a user. Additionally, some
predetermined locations may be set by default. For example, gym locations
may be configured by default so that a sports training application is
automatically launched if a user location matches a location of a gym. In one
embodiment, locations of particular items of training equipment within a gym
can also be set. These locations may be identified, for example, using an
RFID reader. The electronic device 100 can then determine information
about the training equipment on which a user is training to more accurately
log a workout. Alternatively, the user may indicate such locations.
Alternatively a map of the gym layout may be acquired, which specifies such
locations.

[0041] In one embodiment, the location processor 170 can set the
predetermined location and/or the action based on repeated user behavior.
For example, if the user typically starts a run at a first location and stops the
run at a second location, these locations may be automatically recorded into
memory, and associated with a run application. Of course, as at a track, the
first and the second location may be the same location. The run application
may then automatically be started when the user is located at the first

location, and may automatically be terminated when the user is located at the

12
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second location. Therefore, the user may perform a run, and have the run
recorded, without having to manually launch a run application.

[0042] In one embodiment, the motion processor 120 is connected
with the location processor 170. The location processor 170 may send
location information and/or estimated user activity statistics (including
estimated accuracies) to the motion processor 120. The motion processor
120 may compare the received data to the user activity and/or the user
activity statistics estimated by the motion processor 120. If the received data
has a high accuracy and the user activity and/or estimated user activity
statistic calculated by the motion processor 120 have a low accuracy, the
motion processor 120 may determine a new user activity and/or estimate a
new user activity statistic. For example, if the motion processor 120 had
originally determined that the user activity is walking, and the location
processor 170 reports with a high degree of accuracy that the user is traveling
at a speed that exceeds a user’'s maximum walking speed, the motion
processor 120 may determine that the user is running, or that the user is
riding in a car.

[0043] In one embodiment, if the location information (GPS-based,
network triangulation, etc.) has a high accuracy, and the user activity and/or
user activity statistics calculated by the motion processor have a low
accuracy, the motion processor uses the location information to perform
calibration. In one embodiment, the motion processor 120 calibrates a stride
length correlation model using the location information.

[0044] In one embodiment, motion processor 120 calibrates a stride
length correlation model based on received location information that identifies

a distance traveled. Such received location information may be correlated to
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gait characteristics that were collected while the received distance was
walked or run. This correlation may then be compared to the stride length
correlation model. If the correlation based on the received location
information does not match the stride length correlation model, then the stride
length correlation model may be modified or replaced.

[0045] In one embodiment, calibrating the stride length correlation
model includes generating a new data structure using a data structure
generation algorithm. The data structure generation algorithm may use as
inputs user attributes (e.g., height, weight, age, etc.) and/or a stride length vs.
gait characteristic correlation determined based on received distance
information. Therefore, a new data structure can be produced that is tailored
to user attributes of a specific user and/or based on empirical data taken of
the specific user. Each entry in the new data structure may be more accurate
for the user than entries in an uncalibrated data structure.

[0046] In another embodiment, calibrating the stride length
correlation model includes adjusting entries in an existing data structure.
Such adjustments may include shifting entries (e.g., adjusting entry values up
or down), compressing entries (e.g., causing entries to represent a smaller
range of gait characteristics), stretching entries (e.g., causing entries to
represent a greater range of gait characteristics), scaling entries (e.g.,
multiplying entries by a percentage or scaling factor), etc. Adjustments may
be made based on one or more of user attributes and a stride length vs. gait
characteristic correlation determined based on received distance information.
For example, a global shift may be applied to entries if a user walked 1 mile,
but a distance of 1.5 miles was measured. Such a global shift could include

shifting down the entries to reflect that the actual stride length is shorter than
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represented by the data structure. Alternatively, if only a few entries in the
data structure are off, then only those entries may be shifted.

[0047] In yet another embodiment, calibrating the stride length
correlation model includes modifying a stride length algorithm. Constants
and/or variables that apply to user attributes may be modified. Moreover,
adjustments may be made to the algorithm based on a stride length vs. gait
characteristic correlation determined based on received distance information.

[0048] Calibration logic 220 may further calibrate an incline
adjustment factor (not shown). The incline adjustment factor may be applied
to the stride length correlation data when an incline is detected. For example,
when a user walks uphill, the user is likely to take smaller steps than when
that user walks on level terrain. This difference in stride length may be
accounted for using the incline adjustment factor. A value of the incline
adjustment factor that is applied to the stride length correlation model may
depend on a degree of incline and on user attributes. The incline adjustment
factor may be calibrated in the manners discussed above with reference to
the stride length correlation model.

[0049] The motion processor 120 may also send estimated user
activity statistics to the location processor 170. The location processor 170
may compare the received user activity statistics to user activity statistics
estimated by the location processor 170 and/or to location information
received from the location based sensor 165. If the received user activity
statistics have a high accuracy, the location processor 170 may use the
received user activity statistics to determine that the location based sensor
165 has not locked in on a GPS signal yet, or to lower the accuracy rating of

the location information from the location based sensor 165.

15



WO 2010/025467 PCT/US2009/055558

[0050] In one embodiment, the motion processor 120 and location
processor 170 are connected with a calculating logic 185. The estimated
user activity statistics determined by each of the location processor 170 and
the motion processor 120 are reported to the calculating logic 185, along with
confidence interval of the estimations. The calculating logic 185 combines
the two estimated user activity statistics to calculate more accurate final user
activity statistics. The calculating logic 185 can use information from the
motion processor 120 and the location processor 170 in conjunction to
accurately count steps, determine speed of travel, determine distance
traveled, etc.

[0051] In one embodiment, the calculating logic 185 applies a
weight to each of the received user activity statistic estimations based on the
reported accuracy of the estimations. The reported accuracy may range from
around 1% accuracy to around 99% accuracy. In example, if the location
processor 170 generated an estimation for a distance traveled that was 10
miles, with an 80% accuracy, and the motion processor 120 generated a
distance traveled estimation of 11 miles with a 90% accuracy, these
estimations may be combined as follows: 8/17(10) + 9/17(11) = 10.26 miles.
Alternatively, other algorithms may be used to combine the user activity
statistics. For example, some user activity statistic estimations of the motion
processor 120 may be weighted more heavily than those with an equivalent
accuracy rating from the location processor 170. In one embodiment, if an
accuracy rating of a user activity statistic estimated by a processor falls below
a threshold, the estimation associated with the accuracy rating is not used at
all. In such an instance, the calculating logic 185 may completely rely upon

the estimation of the other processor(s).
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[0052] In one embodiment, the location based sensor 165, inertial
sensor 135 and calculating logic 185 are connected with a memory 110.
Memory 110 may include one or more of volatile memory (e.g., random
access memory (RAM)), nonvolatile memory (e.g., read only memory (ROM),
or flash memory), a hard disk drive, an optical drive, etc. Memory 110 may
comprise multiple memories, i.e. a RAM memory used as a buffer, and a
flash memory used to store other data. The location based sensor 165 and
inertial sensor 135 store sensor data 175 (e.g., acceleration measurement
data and location information) in memory 110. In one embodiment, a buffer
may collect acceleration measurement data and/or location information, and
the buffered data may be used by motion processor 120 and/or location
processor 170 for their calculations. In such an embodiment, motion
processor 120 and/or location processor 170 may also be connected to
memory 110. In one embodiment, once the calculating logic 185 calculates
user activity statistics 180, it stores them in memory 110.

[0053] In one embodiment, motion processor 120, location
processor 170 and calculating logic 185 are logics executed by a
microcontroller 115, field programmable gate array (FPGA), application
specific integrated circuit (ASIC), or other dedicated processing unit. In
another embodiment, one or more of the motion processor 120, location
processor 170 or calculating logic 185 may be logics executed by a central
processing unit. Alternatively, one or more of the motion processor 120,
location processor 170 or calculating logic 185 may include a state machine
(e.g., an internal logic that knows how to perform a sequence of operations),

a logic circuit (e.g., a logic that goes through a sequence of events in time, or
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a logic whose output changes immediately upon a changed input), or a
combination of a state machine and a logic circuit.

[0054] Figure 2 illustrates a block diagram of an activity monitoring
system 200, in accordance with one embodiment of the present invention.
The activity monitoring system 200 may monitor the activity of one or more
users connected thereto. Records of such user activity may be maintained by
the activity monitoring system 200. In one embodiment, the activity
monitoring system 200 includes a mobile device 205 and a server 210.

[0055] In one embodiment, the mobile device 205 operates in
conjunction with the server 210 to determine step count, speed of travel,
distance traveled, and/or other user activity statistics. In the illustrated
embodiment, mobile device 205 and server 210 are connected via a network
210, which may be a public network (e.g., internet) or private network (e.g.,
local area network (LAN), intranet, etc.). Alternatively, connections may be
established directly between server 210 and mobile device 205. Wireless
connections may be established (directly between devices or via network 215)
using any wireless data transfer protocol, such as Bluetooth, radiofrequency
(RF), wireless local area network (WLAN), infrared, cellular networks
including global system for mobile communications (GSM), code division
multiple access (CDMA), integrated digital enhanced network (iDEN), etc.
Wired connections may be established using firewire, Ethernet, universal
serial bus (USB), etc.

[0056] Mobile device 205 may be a mobile phone, PDA, pedometer,
etc. In one embodiment, the mobile device 105 corresponds to electronic
device 100 of Figure 1. In a further embodiment, the mobile device 205

includes a motion processor 220 and a location processor 225. The motion
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processor 220 and location processor 225 in one embodiment operate as
described in Figure 1 with reference to location processor 170 and motion
processor 120.

[0057] Motion processor 220 and location processor 225 are
connected to a local calculating logic 230. The local calculating logic 230
receives user activity statistic estimations from the motion processor 220 and
location processor 225, and calculates user activity statistics from the
estimations on the fly (in real time). In the context of a sports application, this
enables a user to be constantly apprised of his or her workout progress.
However, in mobile devices 205 that have limited processing power, and/or
that can dedicate only minimal processing power to the motion processor
220, location processor 225 and local calculating logic 230, the calculated
user activity statistics may have reduced accuracy. To improve the accuracy
of calculated user activity statistics, user activity statistics may be calculated
by server 210 in one embodiment.

[0058] Server 210 may be a personal computer (desktop or laptop),
network server, game kiosk, etc. Server 210 may receive user activity
statistics, acceleration measurement data, user characteristics, etc. from the
mobile device 205 directly or via the network 215. In one embodiment, server
210 includes a remote calculating logic 235. Remote calculating logic 235
uses the received user activity statistics, acceleration measurement data,
user characteristics, etc. to recalculate the user activity statistics. The server
210 may have more processing power than mobile device 205, and may
calculate the user activity statistics to a higher level of accuracy. In one
embodiment, remote calculating logic 235 calculates user activity statistics,

and transmits the calculated user activity statistics to the mobile device
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pseudo-real time. Such transmissions and calculations may be made
pseudo-real time where a connection of sufficient bandwidth (a connection in
which constant acceleration data, location data and user activity statistics can
be transmitted with minimal lag) is established between the mobile device 205
and the server 210. In another embodiment, the remote calculating logic 235
recalculates the user activity statistics after a user activity has ended (e.g.,
after the user has finished a run). The server 210 can reconstruct an entire
user event/activity after the fact with increased accuracy.

[0059] Figure 3 illustrates a flow diagram for a method 300 of
monitoring human activity using an inertial sensor and a location based
sensor, in accordance with one embodiment of the present invention. The
method may be performed by processing logic that may comprise hardware
(e.g., circuitry, dedicated logic, programmable logic, microcode, etc.),
software (such as instructions run on a processing device), or a combination
thereof. In one embodiment, method 300 is performed by the electronic
device 100 of Figure 1.

[0060] Referring to Figure 3, method 300 includes monitoring
accelerations (block 305). Monitoring accelerations may include obtaining
acceleration measurement data from one or more inertial sensors and/or
other acceleration monitoring devices. At block 310, a motion processor
processes the accelerations to identify a user activity. Examples of user
activities that can be identified include walking, running, bicycling,
rollerblading, etc. In one embodiment, the user activity is identified by
monitoring for different events, each event indicative of a different type of
activity. When enough events indicative of a particular user activity are

detected, the user activity may be identified.

20



WO 2010/025467 PCT/US2009/055558

[0061] At block 315, the motion processor makes a first estimation
of a user activity. The user activity statistic may be estimated based on the
acceleration measurement data. User activity statistics may include multiple
statistics associated with user activities (e.g., running and/or walking).
Examples of user activity statistics include data about recent workouts,
distance traveled per workout, distance traveled per day, average speed,
highest speed, average incline of surface traveled, etc. User activity statistics
may be identified by applying a set of motion criteria specific to the identified
activity. Motion criteria may include acceleration thresholds (e.g., a step may
be counted if the measured acceleration is below a first threshold and/or
above a second threshold), acceleration comparison requirements (e.g., a
step may be counted if a current measurement of acceleration is above or
below one or more previous measurements of acceleration), cadence
windows (e.g., a step may be counted if accelerations characteristic of a step
occur within a certain timeframe as measured from a previous step), etc.

[0062] At block 318, a first accuracy of the first estimation is
determined. The first accuracy may be in the form of a percentage of
accuracy, a standard deviation, or other confidence rating.

[0063] At block 320, a location processor obtains location
information using a location based sensor. Examples of location based
sensors include a GPS sensor, a network localization sensor, a transponder,
etc. At block 325, the location processor makes a second estimation of the
user activity statistic based on the location information. At block 330, the
location processor determines accuracy for the second estimation.

[0064] At block 335, a calculating logic weights the first estimation

and the second estimation based on the first accuracy and the second
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accuracy. The calculating logic may be a local calculating logic (e.g., that
operates on a mobile device on which the location processor and motion
processor operate) or a remote calculating logic (e.g., that is hosted by a
server). At block 340, the calculating logic calculates the user activity statistic
based on the first estimation and the second estimation. The user activity
statistic may be calculated on the fly, or after a user activity has ended. If this
process was calculated at the end of the workout, the method then ends. If
the process was calculated while the workout was still going on, the process
returns to block 315 to continue monitoring.

[0065] Figure 4 illustrates a flow diagram for a method 400 of
monitoring human activity using an inertial sensor and a location based
sensor, in accordance with another embodiment of the present invention.
The method may be performed by processing logic that may comprise
hardware (e.g., circuitry, dedicated logic, programmable logic, microcode,
etc.), software (such as instructions run on a processing device), or a
combination thereof. In one embodiment, method 400 is performed by the
monitoring system 200 of Figure 2.

[0066] Referring to Figure 4, method 400 includes monitoring
accelerations by a mobile device (block 405). Monitoring accelerations may
include obtaining acceleration measurement data from one or more inertial
sensors and/or other acceleration monitoring devices. At block 410, the
mobile device obtains location information using a location based sensor. At
block 415, the accelerations and the location information are transmitted to an
external computing device (e.g., a server). In one embodiment, the location
information and accelerations are transmitted wirelessly (e.g., via WiFi, GSM,

3G, Bluetooth, etc.).
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[0067] At block 420, it is determined whether a user activity has
ended. Such a determination may be made by the mobile device or by the
external device. If the user activity has ended, the method proceeds to block
430. If the user activity has not ended, the method proceeds to block 425.

[0068] At block 425, the mobile device receives a user activity
statistic that has been calculated by the external computing device. In one
embodiment, this user activity statistic may be displayed to the user. The
method then returns to block 405 to continue monitoring for accelerations.

[0069] At block 430, the mobile device receives a calculated final
activity data, or reconstruction, of an event that includes multiple user activity
statistics. The event may be a workout session (e.g., a run), and may
include, for example, number of laps, distance traveled, route traveled,
number of steps, average running speed, and so on. The final activity data
may alter the activity data that was displayed to the user during the work-out.
However, the final activity data will be more accurate, in one embodiment,
since it will include data from multiple sensors.

[0070] Figure 5A illustrates a flow diagram for a method 500 of
filtering user activities based on location information, in accordance with one
embodiment of the present invention. The method may be performed by
processing logic that may comprise hardware (e.g., circuitry, dedicated logic,
programmable logic, microcode, etc.), software (such as instructions run on a
processing device), or a combination thereof. In one embodiment, method
500 is performed by the electronic device 100 of Figure 1.

[0071] Referring to Figure 5A, method 500 includes monitoring
accelerations using an inertial sensor housed in a mobile device (block 505).

At block 510, a motion processor processes the accelerations to identify a
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user activity. At block 515, a location processor obtains location information
using a location based sensor. In one embodiment, the location information
is a latitude and longitude. In one embodiment, a location processor utilizes
map data to map the latitude and longitude to a map location.

[0072] At block 525, the accuracy of the user activity is verified
using the location information. The mobile device can determine, for
example, whether a user location has changed too quickly for the identified
user activity. For example, if the user is moving at a speed of around 50 mph,
it can be determined that the user is not walking. For another example, if the
user is jogging at a steady pace, but the location data indicates that the user
is travelling through various buildings, there is a mismatch between the user
activity and the map location information. If the location information excludes
the identified user activity, the method proceeds to block 530, and a new user
activity is identified. In another embodiment, the accuracy rating of the user
activity and/or location information is changed due to the mismatch.

[0073] If the location information does not exclude the calculated
user activity, the method ends.

[0074] Figure 5B illustrates a flow diagram for a method 550 of
filtering location information based on acceleration measurements, in
accordance with one embodiment of the present invention. The method may
be performed by processing logic that may comprise hardware (e.g., circuitry,
dedicated logic, programmable logic, microcode, etc.), software (such as
instructions run on a processing device), or a combination thereof. In one
embodiment, method 550 is performed by the electronic device 100 of Figure

1.
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[0075] Referring to Figure 5B, method 550 includes monitoring
accelerations using an inertial sensor housed in a mobile device (block 555).
At block 560, a motion processor processes the accelerations to identify a
user activity.

[0076] At block 565, a location processor obtains location
information using a location based sensor. At block 570, the location
processor obtains new location information using the location based sensor.
At block 575, the location processor compares the change in location to the
user activity and/or the accelerations. If the user activity correlates to the
change in location, the method ends. If the user activity does not correlate to
the change in location, the method proceeds to block 585, and the location
information is disregarded. The method then ends.

[0077] Figure 6 illustrates a flow diagram for a method 600 of
automatically initiating actions based on location measurements, in
accordance with one embodiment of the present invention. The method may
be performed by processing logic that may comprise hardware (e.g., circuitry,
dedicated logic, programmable logic, microcode, etc.), software (such as
instructions run on a processing device), or a combination thereof. In one
embodiment, method 600 is performed by the electronic device 100 of Figure
1.

[0078] Referring to Figure 6, method 600 includes obtaining
location information using a location based sensor (block 605). At block 610,
a location processor determines whether a current location matches a
location based trigger. The location based trigger may have been
programmed by a user, or may have been automatically determined based on

repeated user behavior. For example, if a user is detected to repeatedly
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begin a run at a particular location, a run application may be automatically
initiated when the user is detected to be at the particular location. If the
current location matches a location based trigger, the method proceeds to
block 615. Otherwise, the method ends.

[0079] At block 615, a preconfigured action is automatically
performed (e.g., starting a run application). The method then ends.

[0080] Figure 7 illustrates a flow diagram for a method 700 of
planning a route, in accordance with one embodiment of the present
invention. The method may be performed by processing logic that may
comprise hardware (e.g., circuitry, dedicated logic, programmable logic,
microcode, etc.), software (such as instructions run on a processing device),
or a combination thereof. In one embodiment, method 700 is performed by
the electronic device 100 of Figure 1.

[0081] Referring to Figure 7, at block 715, an electronic device
receives a starting point and an end point from a user. At block 720, the
electronic device receives a route length from the user. At block 722, the
method generates one or more possible paths between the starting point and
the end point.

[0082] At block 725, the method determines whether any
constraints have been placed on paths between the starting point and the
ending point. Examples of constraints include number of turns, amount of
vertical distance traveled, preferred types of terrain to travel over, estimated
time to completion, and so on. Constraints may also include specific
waypoints. For example, a user may indicate that the path should pass
through a first location and a second location. The user may further indicate

that the path should pass through the first location before passing through the
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second location. If one or more constraints are placed on the path, the
method proceeds to block 735. If no constraints are placed on the path, the
method proceeds to block 765. In one embodiment, the possible paths are
generated before a user has input constraints. Alternatively, the user may
input constraints before the method generates possible paths.

[0083] At block 765, possible paths are displayed to a user. The
method then proceeds to block 748.

[0084] At block 735, the method determines whether there is at
least one path that meets all constraints that have been specified by a user.
If there is a path that meets all constraints, the method proceeds to block 745.
If no path meets all constraints, the method proceeds to block 740.

[0085] At block 740, user paths are displayed in an order of
importance. Those paths that meet the most constraints are shown first (e.g.,
at the top of a list), while those paths that meet the fewest constraints are
shown last, or not shown at all. In one embodiment, the constraints are each
associated with an importance value. The importance value indicates how
important it is to a user that a particular constraint be met. Those paths that
meet constraints that have a high importance value appear are displayed
before those that meet constraints that have a lower importance value. The
importance value may be input by the user, or may be preconfigured.

[0086] At block 745, paths that meet all constraints are displayed.
In one embodiment, paths that do not meet all constraints are also displayed.
Paths that do not meet constraints may be displayed as discussed with
reference to block 740. The method proceeds to block 748.

[0087] At block 748, a user selection of a path is received. At block

750, the method determines whether the user selected a path that failed to
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meet all constraints. If the user did not choose a path that failed to meet all
constraints (e.qg., if there were no constraints, or if all constraints were met),
the method ends. If the user chose a path that failed to meet all constraints,
the method continues to block 755, and the importance value of the
constraints that were not met are lowered for future evaluations. The method
then ends.

[0088] Figure 8 illustrates a flow diagram for a method 800 of
tracking user progress along a defined path, in accordance with one
embodiment of the present invention. The method may be performed by
processing logic that may comprise hardware (e.g., circuitry, dedicated logic,
programmable logic, microcode, etc.), software (such as instructions run on a
processing device), or a combination thereof. In one embodiment, method
800 is performed by the electronic device 100 of Figure 1.

[0089] Referring to Figure 8, at block 820, the method tracks user
location. User location may be tracked using one or more location based
Sensors.

[0090] At block 825, the method determines whether the user is
following a defined path. The defined path may be a track, trail, street, or
other physically discernable path. The method may determine that the user is
following such a defined path by comparing the user location to a map. The
defined path may also be a predetermined path that has been selected by the
user. For example, the user may input a destination, and a defined path may
be determined that will lead the user from a current location or input starting
location to the input destination. Such a predetermined path may not

correspond to a physically discernible path such as a trail or street. If the
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user is following a defined path, the method proceeds to block 830.
Otherwise the method ends.

[0091] A block 830, the method provides directions to the user. The
directions may direct the user, for example, to change direction (e.g., turn
right or left) at a specific location. The directions may be provided to the user
to keep the user on the defined path. If the user veers from the defined path,
the instructions may guide the user back to the defined path.

[0092] At block 835, the method determines whether the user as
arrived at an end of the defined path. If the user has arrived at the end of the
defined path, the method ends. Otherwise, the method proceeds to block
840.

[0093] At block 840, the method determines whether the user has
reached a waypoint. The waypoint may be a predetermined location that
causes the method to perform an action. Examples of actions include
providing waypoint data, performing calibration, playing music, etc. If the user
has not reached a waypoint, the method returns to block 820. If the user has
reached a waypoint, the method proceeds to block 845.

[0094] At block 845, the method provides waypoint data. The
waypoint data may include current location, user statistics associated with a
current run (e.g., average speed, distance traveled, distance remaining in
defined path, etc.), and so on. The method then returns to block 820, and
continues to track user location.

[0095] Figure 9 illustrates a flow diagram for a method 900 of
calibrating a stride length correlation model, in accordance with one
embodiment of the present invention. In one embodiment, the method

calibrates the stride length correlation model during a user activity. In another
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embodiment, the method calibrates the stride length correlation model after a
user activity ends. The method may be performed by processing logic that
may comprise hardware (e.g., circuitry, dedicated logic, programmable logic,
microcode, etc.), software (such as instructions run on a processing device),
or a combination thereof. In one embodiment, method 900 is performed by
the electronic device 100 of Figure 1.

[0096] Referring to Figure 9, at block 925, the method determines
whether a user has completed a portion of a defined path. The defined path
may have been generated as described with reference to Figure 7. If the user
has not completed a portion of the defined path, the method returns to block
925 and again determines whether the user has completed a portion of the
defined path. If the user has completed a portion of the defined path, the
method continues to block 930.

[0097] At block 930, the method determines whether the completed
portion includes a segment that qualifies for calibration. In one embodiment,
a segment of the path qualifies for calibration if the user’s exact route through
the segment of the path can be determined to a high degree of accuracy.
Such a determination may be made, for example, by laying GPS sensor data
over a map, and determining that a user traveled over a physically discernible
path such as a trail. In one embodiment, a segment of the path qualifies for
calibration if a user traveled over the segment at a consistent pace (e.g., at a
regular cadence). For example, if the user ran over the path at a relatively
continuous pace of between 8 and 9 minutes per mile, then the segment may
qualify for calibration. In one embodiment, a segment qualifies for calibration
if the segment is at a consistent grade or slope (e.g., if the segment is flat). In

one embodiment, a segment qualifies for calibration if it meets all of the
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above mentioned criteria, or alternatively if it meets some of the above
mentioned criteria. Other criteria may also be used. If no segments of the
completed portion qualify for calibration, the method returns to block 925. If a
segment of the completed portion qualifies for calibration, the method
proceeds to block 935.

[0098] At block 935, a first path length is determined for the
qualifying segment based on accelerometer data. At block 940, a second
path length is determined for the qualifying segment based on location
measurement data (e.g., based on GPS sensor data).

[0099] At block 945, the method determines whether there is a
difference between the first path length and the second path length. If there
is no difference in the path lengths, the method ends. If there is a difference
in the path lengths, the method proceeds to block 950.

[00100] At block 950, the method calibrates a stride length
correlation model based on the location measurement data and the
accelerometer data. The stride length correlation model may be calibrated as
discussed above with reference to Figure 1. The method then ends.

[00101] Figure 10 illustrates a block diagram of a machine in the
exemplary form of a computer system within which a set of instructions, for
causing the machine to perform any one or more of the methodologies
discussed herein, may be executed. Figure 1 is one embodiment of a
computer system that may be used with the present invention. It will be
apparent to those of ordinary skill in the art, however that other alternative
systems of various system architectures may also be used.

[00102] Returning to Figure 10, a data processing system includes a

bus or other internal communication means 1015 for communicating
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information, and a processor 1010 coupled to the bus 1015 for processing
information. The system further comprises a random access memory (RAM)
or other volatile storage device 1050 (referred to as memory), coupled to bus
1015 for storing information and instructions to be executed by processor
1010. Main memory 1050 also may be used for storing temporary variables
or other intermediate information during execution of instructions by
processor 1010. The system also comprises a read only memory (ROM)
and/or static storage device 1020 coupled to bus 1015 for storing static
information and instructions for processor 1010, and a data storage device
1025 such as a magnetic disk or optical disk and its corresponding disk drive.
Data storage device 1025 is coupled to bus 1015 for storing information and
instructions.

[00103] The system may further be coupled to a display device 1070,
such as a cathode ray tube (CRT) or a liquid crystal display (LCD) coupled to
bus 1015 through bus 1065 for displaying information to a computer user. An
alphanumeric input device 1075, including alphanumeric and other keys, may
also be coupled to bus 1015 through bus 1065 for communicating information
and command selections to processor 1010. An additional user input device
is cursor control device 1080, such as a mouse, a trackball, stylus, or cursor
direction keys coupled to bus 1015 through bus 1065 for communicating
direction information and command selections to processor 1010, and for
controlling cursor movement on display device 1070.

[00104] Another device, which may optionally be coupled to
computer system 1000, is a communication device 1090 for accessing other
nodes of a distributed system via a network. The communication device 1090

may include any of a number of commercially available networking peripheral

32



WO 2010/025467 PCT/US2009/055558

devices such as those used for coupling to an Ethernet, token ring, Internet,
or wide area network. The communication device 1090 may further be a null-
modem connection, or any other mechanism that provides connectivity
between the computer system 1000 and the outside world. Note that any or
all of the components of this system illustrated in Figure 10 and associated
hardware may be used in various embodiments of the present invention.

[00105] It will be appreciated by those of ordinary skill in the art that
any configuration of the system may be used for various purposes according
to the particular implementation. The control logic or software implementing
the present invention can be stored in main memory 1050, mass storage
device 1025, or other storage medium locally or remotely accessible to
processor 1010.

[00106] It will be apparent to those of ordinary skill in the art that the
system, method, and process described herein can be implemented as
software stored in main memory 1050 or read only memory 1020 and
executed by processor 1010. This control logic or software may also be
resident on an article of manufacture comprising a computer readable
medium having computer readable program code embodied therein and
being readable by the mass storage device 1025 and for causing the
processor 1010 to operate in accordance with the methods and teachings
herein.

[00107] The present invention may also be embodied in a handheld
or portable device containing a subset of the computer hardware components
described above. For example, the handheld device may be configured to
contain only the bus 1015, the processor 1010, and memory 1050 and/or

1025. The handheld device may also be configured to include a set of buttons
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or input signaling components with which a user may select from a set of
available options. The handheld device may also be configured to include an
output apparatus such as a liquid crystal display (LCD) or display element
matrix for displaying information to a user of the handheld device.
Conventional methods may be used to implement such a handheld device.
The implementation of the present invention for such a device would be
apparent to one of ordinary skill in the art given the disclosure of the present
invention as provided herein.

[00108] The present invention may also be embodied in a special
purpose appliance including a subset of the computer hardware components
described above. For example, the appliance may include a processor 1010,
a data storage device 1025, a bus 1015, and memory 1050, and only
rudimentary communications mechanisms, such as a small touch-screen that
permits the user to communicate in a basic manner with the device. In
general, the more special-purpose the device is, the fewer of the elements
need be present for the device to function. In some devices, communications
with the user may be through a touch-based screen, or similar mechanism.

[00109] It will be appreciated by those of ordinary skill in the art that
any configuration of the system may be used for various purposes according
to the particular implementation. The control logic or software implementing
the present invention can be stored on any machine-readable medium locally
or remotely accessible to processor 1010. A machine-readable medium
includes any mechanism for storing or transmitting information in a form
readable by a machine (e.g. a computer). For example, a machine readable
medium includes read-only memory (ROM), random access memory (RAM),

magnetic disk storage media, optical storage media, flash memory devices,
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electrical, optical, acoustical or other forms of propagated signals (e.g. carrier
waves, infrared signals, digital signals, etc.).

[00110] The following detailed description of embodiments of the
invention makes reference to the accompanying drawings in which like
references indicate similar elements, showing by way of illustration specific
embodiments of practicing the invention. Description of these embodiments
is in sufficient detail to enable those skilled in the art to practice the invention.
One skilled in the art understands that other embodiments may be utilized
and that logical, mechanical, electrical, functional and other changes may be
made without departing from the scope of the present invention. The
following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended
claims.

[00111] In the foregoing specification, the invention has been
described with reference to specific exemplary embodiments thereof. It will,
however, be evident that various modifications and changes may be made
thereto without departing from the broader spirit and scope of the invention as
set forth in the appended claims. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:
1. A method of monitoring human activity using multiple sensors
comprising:

monitoring accelerations using an inertial sensor;

identifying a user activity based on the accelerations;

making a first estimation of a user activity statistic associated with the
user activity based on the accelerations;

making a second estimation of the user activity statistic based on
location information obtained by a location based sensor; and

calculating the user activity statistic based on the first estimation and

the second estimation.

2. The method of claim 1, further comprising:
transmitting the accelerations and the location information to an
external computing device; and

receiving an externally calculated user activity statistic.

3. The method of claim 2, wherein the accelerations and the location
information are transmitted to the external computing device after the user

activity ends.

4. The method of claim 3, wherein the externally calculated user activity
statistic includes a reconstruction of an event that started when the user
activity was initially detected and ended when the user activity ceased to be

detected using the accelerations and the location information.
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5. The method of claim 1, wherein the user activity statistic is one of a
distance traveled, a route traveled, a speed of travel, a current position or a

periodic human motion count.

6. The method of claim 1, wherein calculating the user activity statistic
comprises:

determining a first accuracy of the first estimation and a second
accuracy of the second estimation;

weighting the first estimation and the second estimation based on the
first accuracy and the second accuracy; and

combining the weighted first estimation and the weighted second

estimation.

7. The method of claim 1, further comprising:

verifying the user activity based on the location information.

8. The method of claim 1, further comprising:
verifying current location information based on the accelerations and

past location information.

9. The method of claim 1, further comprising:
if the location information indicates that a user is at a particular

location, automatically performing a preconfigured action.

10.  The method of claim 1, wherein the user activity statistic is a distance

traveled, the method further comprising:

37



WO 2010/025467 PCT/US2009/055558

calibrating a stride length correlation model based on the accelerations
and the second estimation, wherein the stride length correlation model is

used to make the first estimation.

11.  The method of claim 10, wherein the stride length correlation model is
calibrated if the first estimation and the second estimation do not match, and

if an accuracy of the second estimation is high.

12. A mobile apparatus comprising:

an inertial sensor to monitor accelerations;

a motion processor to identify a user activity based on the
accelerations and to make a first estimation of a user activity statistic
associated with the user activity based on the accelerations;

a location based sensor to obtain location information;

a location processor to make a second estimation of the user activity
statistic based on the location information; and

a calculating logic to calculate the user activity statistic based on the

first estimation and the second estimation.

13.  The mobile apparatus of claim 12, further comprising:

a transmitter to transmit the accelerations and the location information
to an external computing device; and

a receiver to receive an externally calculated user activity statistic from

the external computing device.
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14.  The mobile apparatus of claim 13, wherein the accelerations and the
location information are transmitted to the external computing device after the

user activity ends.

15.  The mobile apparatus of claim 14, wherein the externally calculated
user activity statistic includes a reconstruction of an event that started when
the user activity was initially detected and ended when the user activity

ceased to be detected using the accelerations and the location information.

16.  The mobile apparatus of claim 13, wherein the user activity statistic is
one of a distance traveled, a route traveled, a speed of travel, a current

position or a periodic human motion count.

17.  The mobile apparatus of claim 13, wherein calculating the user activity
statistic comprises:

determining an first accuracy of the first estimation and a second
accuracy of the second estimation;

weighting the first estimation and the second estimation based on the
first accuracy and the second accuracy; and

combining the weighted first estimation and the weighted second

estimation.

18.  The mobile apparatus of claim 13, further comprising:

the calculating logic to verify the user activity based on the location

information.
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19.  The mobile apparatus of claim 13, further comprising:
The calculating logic to verify current location information based on the

accelerations and past location information.

20.  The mobile apparatus of claim 13, further comprising:
The location processor to automatically trigger a preconfigured action If

the location information indicates that a user is at a particular location.

21.  The mobile apparatus of claim 12, wherein the user activity statistic is
a distance traveled, the mobile apparatus further comprising:

The motion processor to calibrate a stride length correlation model
based on the accelerations and the second estimation, wherein the stride

length correlation model is used to make the first estimation.

22.  The mobile apparatus of claim 21, wherein the stride length correlation
model is calibrated if the first estimation and the second estimation do not

match, and if an accuracy of the second estimation is high.

23. A computer readable medium including instructions that, when
executed by a processing system, cause the processing system to perform a
method comprising:

monitoring accelerations using an inertial sensor;

identifying a user activity based on the accelerations;

making a first estimation of a user activity statistic associated with the

user activity based on the accelerations;
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making a second estimation of the user activity statistic based on
location information obtained by a location based sensor; and
calculating the user activity statistic based on the first estimation and

the second estimation.

24.  The computer readable medium of claim 23, the method further
comprising:

transmitting the accelerations and the location information to an
external computing device; and

receiving an externally calculated user activity statistic.

25.  The computer readable medium of claim 24, wherein the accelerations
and the location information are transmitted to the external computing device

after the user activity ends.

26.  The computer readable medium of claim 25, wherein the externally
calculated user activity statistic includes a reconstruction of an event that
started when the user activity was initially detected and ended when the user
activity ceased to be detected using the accelerations and the location

information.

27.  The computer readable medium of claim 23, wherein the user activity

statistic is one of a distance traveled, a route traveled, a speed of travel, a

current position or a periodic human motion count.
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28.  The computer readable medium of claim 23, wherein calculating the
user activity statistic comprises:

determining an first accuracy of the first estimation and a second
accuracy of the second estimation;

weighting the first estimation and the second estimation based on the
first accuracy and the second accuracy; and

combining the weighted first estimation and the weighted second

estimation.

29.  The computer readable medium of claim 23, the method further
comprising:

verifying the user activity based on the location information.

30. The computer readable medium of claim 23, the method further
comprising:
verifying current location information based on the accelerations and

past location information.

31.  The computer readable medium of claim 23, the method further
comprising:
if the location information indicates that a user is at a particular

location, automatically performing a preconfigured action.

32.  The computer readable medium of claim 23, wherein the user activity

statistic is a distance traveled, the method further comprising:
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calibrating a stride length correlation model based on the accelerations
and the second estimation, wherein the stride length correlation model is

used to make the first estimation.

33.  The computer readable medium of claim 32, wherein the stride length

correlation model is calibrated if the first estimation and the second estimation

do not match, and if an accuracy of the second estimation is high.
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