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1 
SENSOR FUSION FOR ACTIVITY 

IDENTIFICATION 

FIELD OF THE INVENTION 

This invention relates to monitoring human activity, and 
more particularly to accurately calculating user activity sta 
tistics using a location based sensor and an inertial sensor. 

BACKGROUND 

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 naviga 
tion 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 (?ight in a forWard direction). Therefore, the navi 
gation systems are not required to identify different types of 
activities. Nor are the navigation systems capable of perform 
ing activity identi?cation. Moreover, the navigation systems 
are also incapable of determining activity statistics associated 
With particular activities. 

Recent advances have enabled inertial sensors and GPS 
sensors to be installed in a limited number of mobile com 
mercial electronic devices such as cellular phones and por 
table computers. HoWever, no such mobile devices are cur 
rently offered that perform sensor fusion to combine GPS 
sensor readings and inertial sensor readings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 ?gures: 

FIG. 1 is a block diagram illustrating an electronic device, 
in accordance With one embodiment of the present invention; 

FIG. 2 illustrates a block diagram of an activity monitoring 
system, in accordance With one embodiment of the present 
invention; 

FIG. 3 illustrates a How diagram for a method of monitor 
ing human activity using an inertial sensor and a location 
based sensor, in accordance With one embodiment of the 
present invention; 

FIG. 4 illustrates a How diagram for a method of monitor 
ing human activity using an inertial sensor and a location 
based sensor, in accordance With another embodiment of the 
present invention; 

FIG. 5A illustrates a How diagram for a method of ?ltering 
user activities based on location information, in accordance 
With one embodiment of the present invention; 

FIG. 5B illustrates a How diagram for a method of ?ltering 
location information based on acceleration measurements, in 
accordance With one embodiment of the present invention; 

FIG. 6 illustrates a How diagram for a method of automati 
cally initiating actions based on location measurements, in 
accordance With one embodiment of the present invention; 
and 

FIG. 7 illustrates a How diagram for a method of planning 
a route, in accordance With one embodiment of the present 

invention; 
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2 
FIG. 8 illustrates a How diagram for a method of tracking 

user progress along a de?ned path, in accordance With one 
embodiment of the present invention; 

FIG. 9 illustrates a How diagram for a method of calibrating 
a stride length correlation model, in accordance With one 
embodiment of the present invention; and 

FIG. 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 

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 identi?ed based on the accel 
erations. Examples of user activities include Walking, run 
ning, rollerblading, bicycling, etc. A ?rst 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 
?nal user activity statistic is calculated based on the ?rst 
calculation and the second calculation. 

FIG. 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 assistant (PDA), 
mobile game console, laptop computer, or any other device 
Which can support at least tWo sensors and be carried by a 
user. 

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 accelera 
tion measurement data. 

The inertial sensor 135 may generate acceleration mea 
surement data 175 continuously, or at a sampling rate that 
may be ?xed 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. 
The location based sensor 165 can include a single location 

based sensor, or multiple location based sensors (e.g., mul 
tiple 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. 

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 posi 
tion based on the combined signals using trigonometric rela 
tions. Network localiZation sensors may determine location 
based on trilateration, multilateration and/or triangulation. 
The signals used to determine location may be radio fre 
quency (RF) signals formatted according to the Bluetooth 
protocol, Zigbee protocol, Wireless ?delity (WiFi) protocol, 
global system for mobile communications (GSM) protocol, 
3G mobile communications protocol, etc. For example, a ?rst 
netWork localiZation sensor may perform netWork triangula 
tion using signals received from a mobile phone service pro 
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vider’s cell towers. In another example, a second network 
localization sensor may perform triangulation using wireless 
?delity (WiFi) signals received from multiple nearby WiFi 
access points (e.g., hotspots). 

In one embodiment, the location based sensor 165 includes 
a radio frequency identi?cation (RFID) reader that reads tran 
sponders (e. g., passive integrated transponders (PITs)). Each 
transponder may report a speci?c 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 loca 
tion, the location based sensor 165 may learn its current 
location. 

Multiple location based sensors 165 may be used sepa 
rately 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 capa 
bilities 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 augment 
a GPS sensor. A single location may then be reported to the 
location processor 170. 

The locationbased sensor 165 may generate location infor 
mation continuously, or at a sampling rate that may be ?xed 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. 

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 con?dence radius. For example, a location may 
be reported with a horiZontal accuracy of 10 m, meaning that 
the reported location is accurate within a circle having a 10 m 
radius. Accuracy of the location may vary from about 10 m to 
about 300 m 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 accu 
racy. The location information may also include a time that 
the location was recorded. 

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 sen 
sor 135 to identify user activities. Examples of user activities 
that can be identi?ed include walking, running, rollerblading, 
bicycling, cross country skiing, and other repetitive motion 
based activities. The motion processor 120 also estimates 
user activity statistics 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. 
The motion processor 120 may identify a current user 

activity from a plurality of identi?able user activities. In one 
embodiment, the motion processor 120 identi?es a user activ 
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4 
ity by monitoring for different events, each event indicative of 
a different type of activity. Events occur when certain motion 
criteria are satis?ed (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 identi?es 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 indi 
cate that a motion cannot be classi?ed certain way). 
Once the motion processor 120 has identi?ed a user activ 

ity, the motion processor 120 may apply a set of motion 
criteria speci?c to the identi?ed activity to estimate one or 
more user activity statistics (e.g., to detect appropriate peri 
odic human motions). Motion criteria may include accelera 
tion thresholds (e.g., a step may be counted if the measured 
acceleration is below a ?rst 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 accel 
eration), 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. 
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 satis?ed, a step may be identi?ed, and 
counted. Alternatively, if a su?icient number of the motion 
criteria are satis?ed, 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 ?rst threshold 
and ?rst 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. 
Another type of user activity statistic that can be deter 

mined 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 mea 
surements. For example, if a step cadence of 70 steps per 
minute and a speci?c 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 dis 
tance traveled. 

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

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 speci?c set of gait characteristics with a speci?c 
stride length. For example, the data structure may include a 
?rst entry associating a cadence of 70 steps per minute with a 
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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. 

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

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 proces 
sor 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 ?xed 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 rela 
tionship betWeen the axes of the inertial sensor and an orien 
tation of the user based on the dominant axis. 

In one embodiment, the motion processor 120 determines 
an accuracy of the calculated user activity statistics, as Well as 
a con?dence 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 nega 
tive events that are identi?ed, motion criteria that are satis?ed, 
etc. In one embodiment, the accuracy/con?dence of the user 
activity and the user activity statistics are reported as a per 
centage 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 
con?dence may be reported as a standard deviation, probabil 
ity 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 is a 3 5% likelihood that the user 
is running and a 65% likelihood that the user is speed Walking. 

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 FIG. 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 FIG. 8. 

Referring to FIG. 1, in one embodiment, the location based 
sensor 165 is coupled to a location processor 170. The loca 
tion 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. 

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 loca 
tion processor 170 determines an accuracy of each of the user 
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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. 

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 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. 

In one embodiment, the location processor 170 automati 
cally performs an action When a predetermined location is 
identi?ed. The action may be initiating a run application, or 
another appropriate action. The predetermined locations may 
be con?gured by a user. Additionally, some predetermined 
locations may be set by default. For example, gym locations 
may be con?gured by default so that a sports training appli 
cation 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 identi?ed, 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 speci?es such locations. 

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 ?rst 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 
?rst and the second location may be the same location. The 
run application may then automatically be started When the 
user is located at the ?rst location, and may automatically be 
terminated When the user is located at the second location. 
Therefore, the user may perform a run, and have the run 
recorded, Without having to manually launch a run applica 
tion. 

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 pro 
cessor 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 pro 
cessor 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. 

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 proces 
sor uses the location information to perform calibration. In 
one embodiment, the motion processor 120 calibrates a stride 
length correlation model using the location information. 

In one embodiment, motion processor 120 calibrates a 
stride length correlation model based on received location 
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information that identi?es a distance traveled. Such received 
location information may be correlated to 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 modi?ed or replaced. 

In one embodiment, calibrating the stride length correla 
tion model includes generating a neW data structure using a 
data structure generation algorithm. The data structure gen 
eration algorithm may use as inputs user attributes (e.g., 
height, Weight, age, etc.) and/or a stride length vs. gait char 
acteristic correlation determined based on received distance 
information. Therefore, a neW data structure can be produced 
that is tailored to user attributes of a speci?c user and/orbased 
on empirical data taken of the speci?c user. Each entry in the 
neW data structure may be more accurate for the user than 
entries in an uncalibrated data structure. 

In another embodiment, calibrating the stride length cor 
relation 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 character 
istics), 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 re?ect 
that the actual stride length is shorter than represented by the 
data structure. Alternatively, if only a feW entries in the data 
structure are off, then only those entries may be shifted. 

In yet another embodiment, calibrating the stride length 
correlation model includes modifying a stride length algo 
rithm. Constants and/ or variables that apply to user attributes 
may be modi?ed. Moreover, adjustments may be made to the 
algorithm based on a stride length vs. gait characteristic cor 
relation determined based on received distance information. 

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 cali 
brated in the manners discussed above With reference to the 
stride length correlation model. 
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 statis 
tics to user activity statistics estimated by the location pro 
cessor 170 and/or to location information received from the 
location based sensor 165. If the received user activity statis 
tics have a high accuracy, the location processor 170 may use 
the received user activity statistics to determine that the loca 
tion 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. 

In one embodiment, the motion processor 120 and location 
processor 170 are connected With a calculating logic 185. The 
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8 
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 con?dence 
interval of the estimations. The calculating logic 185 com 
bines the tWo estimated user activity statistics to calculate 
more accurate ?nal 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. 

In one embodiment, the calculating logic 185 applies a 
Weight to each of the received user activity statistic estima 
tions 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 1 1 miles With 
a 90% accuracy, these estimations may be combined as fol 
loWs: 8/17(10)+9/17(11):10.26 miles. Alternatively, other algo 
rithms 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 proces 
sor(s). 

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 vola 
tile memory (e.g., random access memory (RAM)), nonvola 
tile memory (e.g., read only memory (ROM), or ?ash 
memory), a hard disk drive, an optical drive, etc. Memory 1 10 
may comprise multiple memories, i.e. a RAM memory used 
as a buffer, and a ?ash 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 calcu 
lations. 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 cal 
culates user activity statistics 180, it stores them in memory 
110. 

In one embodiment, motion processor 120, location pro 
cessor 170 and calculating logic 185 are logics executed by a 
microcontroller 115, ?eld programmable gate array (FPGA), 
application speci?c integrated circuit (ASIC), or other dedi 
cated processing unit. In another embodiment, one or more of 
the motion processor 120, location processor 170 or calculat 
ing 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 per 
form a sequence of operations), a logic circuit (e.g., a logic 
that goes through a sequence of events in time, or a logic 
Whose output changes immediately upon a changed input), or 
a combination of a state machine and a logic circuit. 

FIG. 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. 
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Records of such user activity may be maintained by the activ 
ity monitoring system 200. In one embodiment, the activity 
monitoring system 200 includes a mobile device 205 and a 
server 210. 

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, con 
nections 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, radiofre 
quency (RF), Wireless local area netWork (WLAN), infrared, 
cellular netWorks including global system for mobile com 
munications (GSM), code division multiple access (CDMA), 
integrated digital enhanced netWork (iDEN), etc. Wired con 
nections may be established using ?reWire, Ethernet, univer 
sal serial bus (USB), etc. 

Mobile device 205 may be a mobile phone, PDA, pedom 
eter, etc. In one embodiment, the mobile device 105 corre 
sponds to electronic device 100 of FIG. 1. In a further 
embodiment, the mobile device 205 includes a motion pro 
cessor 220 and a location processor 225. The motion proces 
sor 220 and location processor 225 in one embodiment oper 
ate as described in FIG. 1 With reference to location processor 
170 and motion processor 120. 

Motion processor 220 and location processor 225 are con 
nected 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 calcu 
lates user activity statistics from the estimations on the ?y (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 pro 
cessing poWer to the motion processor 220, location proces 
sor 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. 

Server 210 may be a personal computer (desktop or lap 
top), 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 mea 
surement 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 embodi 
ment, remote calculating logic 235 calculates user activity 
statistics, and transmits the calculated user activity statistics 
to the mobile device pseudo-real time. Such transmissions 
and calculations may be made pseudo-real time Where a con 
nection of su?icient bandWidth (a connection in Which con 
stant acceleration data, location data and user activity statis 
tics 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 ?nished a run). The server 210 can recon 
struct an entire user event/ activity after the fact With increased 
accuracy. 
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FIG. 3 illustrates a How 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.), soft 
Ware (such as instructions run on a processing device), or a 
combination thereof. In one embodiment, method 300 is per 
formed by the electronic device 100 of FIG. 1. 

Referring to FIG. 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 identi?ed include Walking, running, 
bicycling, rollerblading, etc. In one embodiment, the user 
activity is identi?ed 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 identi?ed. 

At block 315, the motion processor makes a ?rst 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 identi?ed by applying a set of 
motion criteria speci?c to the identi?ed activity. Motion cri 
teria may include acceleration thresholds (e.g., a step may be 
counted if the measured acceleration is beloW a ?rst threshold 
and/or above a second threshold), acceleration comparison 
requirements (e.g., a step may be counted if a current mea 
surement of acceleration is above or beloW one or more pre 

vious 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. 
At block 318, a ?rst accuracy of the ?rst estimation is 

determined. The ?rst accuracy may be in the form of a per 
centage of accuracy, a standard deviation, or other con?dence 
rating. 

At block 320, a location processor obtains location infor 
mation 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 proces 
sor 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. 

At block 335, a calculating logic Weights the ?rst estima 
tion and the second estimation based on the ?rst accuracy and 
the second 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 ?rst estimation and the second estima 
tion. The user activity statistic may be calculated on the ?y, 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. 

FIG. 4 illustrates a How diagram for a method 400 of 
monitoring human activity using an inertial sensor and a 
location based sensor, in accordance With another embodi 
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ment of the present invention. The method may be performed 
by processing logic that may comprise hardware (e.g., cir 
cuitry, 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 
FIG. 2. 

Referring to FIG. 4, method 400 includes monitoring 
accelerations by a mobile device (block 405). Monitoring 
accelerations may include obtaining acceleration measure 
ment 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 infor 
mation 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.). 
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. 
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. 
At block 430, the mobile device receives a calculated ?nal 

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, aver 
age running speed, and so on. The ?nal activity data may alter 
the activity data that Was displayed to the user during the 
Work-out. HoWever, the ?nal activity data Will be more accu 
rate, in one embodiment, since it Will include data from mul 
tiple sensors. 

FIG. 5A illustrates a How diagram for a method 500 of 
?ltering 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, program 
mable 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 FIG. 1. 

Referring to FIG. 5A, method 500 includes monitoring 
accelerations using an inertial sensor housed in a mobile 
device (block 505). At block 510, a motion processor pro 
cesses the accelerations to identify a user activity. At block 
515, a location processor obtains location informationusing a 
location based sensor. In one embodiment, the location infor 
mation is a latitude and longitude. In one embodiment, a 
location processor utiliZes map data to map the latitude and 
longitude to a map location. 
At block 525, the accuracy of the user activity is veri?ed 

using the location information. The mobile device can deter 
mine, for example, Whether a user location has changed too 
quickly for the identi?ed 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 identi 
?ed user activity, the method proceeds to block 530, and a 
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neW user activity is identi?ed. In another embodiment, the 
accuracy rating of the user activity and/or location informa 
tion is changed due to the mismatch. 

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

FIG. 5B illustrates a How diagram for a method 550 of 
?ltering location information based on acceleration measure 
ments, 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 FIG. 1. 

Referring to FIG. 5B, method 550 includes monitoring 
accelerations using an inertial sensor housed in a mobile 
device (block 555). At block 560, a motion processor pro 
cesses the accelerations to identify a user activity. 
At block 565, a location processor obtains location infor 

mation using a location based sensor. At block 570, the loca 
tion 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 corre 
late to the change in location, the method proceeds to block 
585, and the location information is disregarded. The method 
then ends. 

FIG. 6 illustrates a How diagram for a method 600 of 
automatically initiating actions based on location measure 
ments, 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 FIG. 1. 

Referring to FIG. 6, method 600 includes obtaining loca 
tion 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 behav 
ior. For example, if a user is detected to repeatedly begin a run 
at a particular location, a run application may be automati 
cally 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. 

At block 615, a precon?gured action is automatically per 
formed (e.g., starting a run application). The method then 
ends. 

FIG. 7 illustrates a How diagram for a method 700 of 
planning a route, in accordance With one embodiment of the 
present invention. The method may be performed by process 
ing logic that may comprise hardWare (e.g., circuitry, dedi 
cated logic, programmable logic, microcode, etc.), softWare 
(such as instructions run on a processing device), or a com 
bination thereof. In one embodiment, method 700 is per 
formed by the electronic device 100 of FIG. 1. 

Referring to FIG. 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. 

At block 725, the method determines Whether any con 
straints have been placed on paths betWeen the starting point 










