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SENSORS AND APPLICATIONS
FIELD

[0001] This relates generally to wearable sensors and, more
specifically, to a network of wearable sensors for recognizing
and tracking movements and exercises.

BACKGROUND

[0002] Sensors have been incorporated into a variety of
user devices to provide enhanced functionality and new
opportunities for user interaction. Motion sensors, light sen-
sors, position sensors, magnetometers, and a variety of other
sensors have been incorporated into mobile phones (e.g.,
smartphones), tablet computers, step counters, and other
computing devices, allowing software developers to create
engaging software applications (“apps”) for entertainment,
productivity, health, and the like. Some devices and apps have
been developed to track walking, running, and other distance
activities. Users can monitor such cardio training and keep
track of their progress over time.

[0003] Such devices and apps, however, are limited in the
types of exercise they can track. For example, step counters
and distance measuring devices and apps are unable to rec-
ognize or track strength training exercises. People engaging
in strength training (e.g., weight lifting and the like) may
manually record workout logs in physical books or digital
spreadsheets. Such tedious manual recording, however, can
be unreliable, and very few people go to the effort of keeping
detailed logs despite the potential benefits for progress track-
ing and workout optimization over time. Moreover, people
engage in many exercises beyond cardio training or strength
training, such as team sports, that can be significant elements
of a fitness plan but are similarly tedious to record. Devices
and apps are likewise unable to automatically recognize and
track such physical activities, limiting their ability to provide
a complete picture of user fitness.

SUMMARY

[0004] A network of wearable sensors is disclosed that can
include a first sensor configured to be worn or carried on a first
part of a body and a second sensor configured to be worn or
carried on a second part of the body. The network can include,
or can communicate with, a mobile device that can receive
sensor information from both the first and second sensors.
The combined sensor information can indicate a stance of a
user wearing or carrying the first and second sensors. Move-
ment can also be sensed by the first and second sensors, and
the resulting combined sensor information can be used to
determine that a user is performing a particular physical activ-
ity, exercise, or the like. Recognized physical activities or
exercises can be tracked and recorded throughout a workout
session. Additional sensors can also be used, including sen-
sors in a mobile device or additional sensors worn on other
parts of the body. In some examples, certain sensors can be
used to recognize exercise equipment to provide additional
tracking data. Sensors can also include mechanisms to pro-
vide user feedback, and apps can likewise provide feedback
and progress information to users in a variety of ways to
enhance utility and improve the user’s experience.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1illustrates an exemplary system with a sensor
network having multiple sensor devices that can be worn or
carried on different parts of the body.
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[0006] FIG. 2 illustrates an exemplary sensor device that a
user can wear ot carry.

[0007] FIG. 3 illustrates exemplary sensor devices config-
ured for and placed on various parts of a body.

[0008] FIG. 4A illustrates the palm side of an exemplary
glove with incorporated sensors.

[0009] FIG. 4B illustrates the back side of an exemplary
glove with incorporated sensors.

[0010] FIG. 5A illustrates an exemplary wristwatch with a
display that can be dimmed or disabled based on sensor
information from incorporated sensors.

[0011] FIG. 5B illustrates an exemplary wristwatch with a
display that can be brightened or enabled based on sensor
information from incorporated sensors.

[0012] FIG. 6A illustrates an exemplary wrist sensor with
haptic feedback at a first extreme of an exercise motion.
[0013] FIG. 6B illustrates an exemplary wrist sensor with
haptic feedback at a second extreme of an exercise motion.
[0014] FIG. 7A illustrates an exemplary ankle sensor with
haptic feedback at a first position in an exercise motion.
[0015] FIG. 7B illustrates an exemplary ankle sensor with
haptic feedback at a second position in an exercise motion.
[0016] FIG. 8A illustrates free weights with exemplary
weight tags that can communicate information to a sensor
device.

[0017] FIG. 8B illustrates a weight machine with exem-
plary machine and control tags that can communication with
a sensor device.

[0018] FIG. 9A illustrates an exemplary review of a tracked
exercise.
[0019] FIG. 9B illustrates an exemplary fitness log based

on tracked workouts.

[0020] FIG. 10 illustrates an exemplary muscle heat map
indicating muscles exercised during different workouts.
[0021] FIG. 11 illustrates exemplary wrist and ankle sen-
sors tracking body positioning of a diver during a front flip
dive.

[0022] FIG. 12 illustrates an exemplary process for deter-
mining an exercise being performed by a user from sensor
information.

[0023] FIG. 13 illustrates an exemplary process for deter-
mining the motions of a user through three-dimensional space
from sensor information.

[0024] FIG. 14 illustrates an exemplary system for receiv-
ing and processing sensor information.

[0025] FIG. 15 illustrates an exemplary smartphone that
can receive and process sensor information.

[0026] FIG. 16 illustrates an exemplary media player that
can receive and process sensor information.

[0027] FIG. 17 illustrates an exemplary wristwatch that can
receive and process sensor information.

[0028] FIG. 18 illustrates an exemplary tablet computer
that can receive and process sensor information.

DETAILED DESCRIPTION

[0029] In the following description of examples, reference
is made to the accompanying drawings in which it is shown by
way of illustration specific examples that can be practiced. It
is to be understood that other examples can be used and
structural changes can be made without departing from the
scope of the various examples.

[0030] This relates to a network of sensors that can be used
to track the stance, position, movements, exercises, and the
like of a user. One or more sensor devices can be configured
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for wearing, attaching, or carrying on different parts of a
user’s body. Sensor information gathered by the sensors can
be communicated to a user device, such as a smartphone,
tablet computer, central sensor device, or the like. In some
examples, the user device can include sensors, and the col-
lected sensor information from the user device can also be
used. The combined sensor information can be used in a
variety of ways, such as to recognize a particular exercise or
physical activity from the relative movements of the sensors.
Recognized physical activities or exercises can be tracked
and recorded throughout a workout session and over time.
[0031] In some examples, certain sensors can be used to
recognize exercise equipment to provide additional tracking
data, provide aural, visual, or other sensory instructions to a
user, enable user control of an exercise machine, or the like.
Sensors can also include mechanisms to provide user feed-
back, and apps can likewise provide feedback and progress
information to users in a variety of ways to enhance utility and
improve the user’s experience.

[0032] Itshould be understood that many other applications
are possible using various sensors in different configurations.
[0033] FIG.1illustrates exemplary system 100 with sensor
network 110 having user device 102 and multiple sensor
devices 108. Sensor devices 108 can include any of a variety
of sensors, such as accelerometers, gyroscopes, magnetom-
eters, humidity sensors, temperatures sensors, pressure sen-
sors, or the like. Sensor devices 108 can also include any of a
variety of transmitters, such as Bluetooth antennas, radio
frequency (RF) transceivers, Wi-Fi antennas, cellular anten-
nas, or the like for communicating to or with user device 102
or with each other. Sensor devices 108 can also include a
battery to power the sensors and transmitters.

[0034] Sensor devices 108 can be configured to be carried,
worn, or attached to various parts of a user’s body. For
example, a first sensor device 108 can be configured to be
worn on a user’s wrist (e.g., as a bracelet, wristwatch, wrist-
band, gloves, etc.). A second sensor device 108 can be con-
figured to be clipped to or inserted in a user’s shoe or worn on
a user’s ankle (e.g., as an ankle bracelet). Still other sensor
devices 108 can be configured to be carried in a shirt pocket,
pant pocket, skirt pocket, or pouch; clipped to a shirt sleeve,
waistband, or shoelace; worn in an armband, gloves, or head-
phones; or carried, worn, or attached in any of a variety of
other positions around a uset’s body. In some examples,
sensor devices 108 can be built for durability, robustness, and
the like for safe operation in a variety of environments (e.g.,
without damaging sensors, transmitters, or other compo-
nents). For example, sensor devices 108 can be configured for
safe operation in any environment, including cold, hot, wet,
dry, high altitude, noisy (both audible noise and potentially
interfering signal noise), etc. User device 102 can also include
sensors, can be built for robustness, and can similarly be
configured to be carried, worn, or attached to various parts of
a user’s body (e.g., carried in a pocket, attached in an arm-
band, worn as necklace, etc.).

[0035] Sensor devices 108 can gather sensor data and com-
municate the data to user device 102. For example, sensor
devices 108 can gather sensor data related to position, move-
ment, temperature, humidity, pressure, or the like and trans-
mit the data to user device 102. In some examples, one sensor
device 108 can transmit data to another sensor device 108,
such as transmitting a heartbeat signal or ping signal to
another sensor device, which can be used to determine rela-
tive position, distance, and other information (e.g., as in RF
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time of flight ranging). In still other examples, user device
102 and sensor devices 108 can transmit information to and
receive information from any other device within sensor net-
work 110, enabling both the transfer of sensed data as well as
various measurements based on signals being sent and
received (e.g., as in echo location, RF time of flight ranging,
various triangulation schemes, or the like).

[0036] User device 102 can aggregate the received sensor
data from sensor devices 108 and, in some examples, sense
signals from sensor devices 108 that are indicative of posi-
tion, distance, or the like as well as combine sensor data from
sensors within user device 102. User device 102 can include
a processor that can be configured to perform any of a variety
of analyses on the data collected from sensor devices 108,
data from sensors within user device 102, and data derived
from signals generated by sensor devices 108. For example,
user device 102 can determine from the combined sensor
information a relative position of the various devices within
sensor network 110. In some examples, from that determina-
tion, user device 102 can also determine a stance of a user
wearing, carrying, or otherwise using the various devices in
sensor network 110. User device 102 can include, for
example, a smartphone, tablet computer, laptop computer,
portable media player, or the like. In some examples, user
device 102 can be a mobile device either worn or carried by
the user or placed proximate to the user. In other examples,
user device 102 can be a stationary device proximate to user.

[0037] User device 102 can be communicatively coupled to
network 104, which can include any type of wired or wireless
network, such as the Internet, a cellular network, a Wi-Fi
network, a local area network (LAN), a wide area network
(WAN), or the like. In some examples, user device 102 can
communicate with server 106 through network 104. Server
106 can provide information or updates supporting an app on
user device 102. In some examples, user device 102 can
transmit collected sensor information to server 106, and
server 106 can process the sensed information remotely. In
other examples, sensor information can be collected and used
by server 106 to improve recognition algorithms on user
device 102. For example, a user can manually indicate a
stance, position, exercise, movement, or the like performed
while sensor devices 108 collect sensor data. The indicated
stance, position, exercise, movement, or the like can then be
transmitted to server 106 through network 104 along with the
sensor data, and both can be aggregated and compared to prior
entries of that user and/or other users. The aggregated and
compared data can then be used to improve recognition algo-
rithms (including statistical probabilities of accuracy) to
allow user device 102 to automatically recognize the indi-
cated stance, position, exercise, movement, or the like in the
future. In other examples, machine learning, recognition
algorithm improvement, and the like can be performed
directly on user device 102 as data is collected over time.

[0038] Itshould be understood that system 100 can include
fewer or more components than are illustrated in the example
of FIG. 1. For example, in some instances, sensor network
110 can include user device 102 and a single sensor device
108 that can be used together to recognize a user’s stance or
movements. In other examples, three or more sensor devices
108 can be included in sensor network 110. In still other
examples, the number of sensor devices 108 can be varied as
desired by a user to improve accuracy, to enable additional
recognition features, or the like (e.g., adding an additional
sensor device 108 can improve recognition accuracy and/or
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allow for recognition of additional movements beyond those
recognizable with fewer sensor devices). In other examples,
sensor network 110 can include multiple user devices 102 that
can be used by a single user or multiple users, where the user
devices can communicate with each other and/or the other’s
sensor devices 108 either directly within the sensor network
110 or via the system network 104.

[0039] FIG.2illustrates exemplary sensor device 108 that a
user can wear or carry in any of a variety of ways and positions
as mentioned above. Sensor device 108 can belong to sensor
network 110 of system 100 of FIG. 1. Sensor device 108 can
include a variety of components and sensors in a variety of
configurations. In some examples, different configurations of
sensor device 108 can be optimized for different placement
positions around a user’s body (e.g., optimized for ankle
placement, wrist placement, pocket placement, armband
placement, etc.). In some examples, sensor device 108 can
include battery 212 that can supply power to any of the other
components of sensor device 108. Battery 212 can be remov-
able andreplaceable, or, in some examples, battery 212 can be
rechargeable. For example, battery 212 can be recharged in
any of a variety of ways, such as through wireless charging
through the casing of sensor device 108, through a wall
charger adapter, through a docking station, through solar
panels (not shown) incorporated in sensor device 108,
through linear induction charging (not shown) incorporated
in sensor device 108, through mechanical crank or flywheel
charging (not shown) incorporated in sensor device 108, or
through any of a variety of other charging mechanisms. In
other examples, any of the sensors discussed herein can
include passive sensors that can generate a sensor signal in
response to a signal received from another device or sensor,
and such passive sensors can, in some examples, function
without battery power (e.g., a passive near field communica-
tion or NFC tag).

[0040] Sensor device 108 can also include accelerometer
214. In some examples, accelerometer 214 can sense the
orientation of sensor device 108 (e.g., multi-axial sensing)
and generate corresponding data signals indicating the sensed
orientation. Accelerometer 214 can also sense movement or
acceleration of sensor device 108 and generate corresponding
data signals indicative of the sensed movement or accelera-
tion. Accelerometer 214 can include similar capabilities as
accelerometers incorporated into many smartphones for ori-
entation and motion sensing.

[0041] Sensordevice 108 can also include Bluetooth trans-
mitter 216 that can, for example, transmit information to a
user device, another sensor device in a sensor network, a
sensor associated with an exercise machine, a sensor associ-
ated with controllable equipment, or the like. In some
examples, Bluetooth transmitter 216 (or a Bluetooth receiver)
canalso receive Bluetooth signals from a user device, another
sensor device in a sensor network, an exercise machine, con-
trollable equipment, or the like. In one example, orientation
and motion information sensed by accelerometer 214 can be
transmitted to a user device via Bluetooth transmitter 216.
[0042] Many different configurations are possible for sen-
sor device 108, including those illustrated by dotted lines in
FIG. 2. Sensor device 108 can include, for example, radio
frequency transceiver 218 that can send and receive informa-
tion via RF. Radio frequency transceiver 218 can be included
in sensor device 108 instead of or in addition to Bluetooth
transmitter 216. Radio frequency transceiver 218 can be used
to perform RF time of flight ranging by sending signals and/or
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receiving signals that can be processed to determine distance
between two devices (e.g., a distance between an ankle sensor
device and a wrist sensor device). Radio frequency trans-
ceiver 218 can transmit data directly to a user device or can
communicate data to Bluetooth transmitter 216 for transmis-
sion to a user device.

[0043] Sensor device 108 can also include gyroscope 220
that can be used to measure orientation, rotation, and the like.
Gyroscope 220 can be included instead of or in addition to
accelerometer 214. In some examples, the combination of
accelerometer 214 and gyroscope 220 can allow for robust
direction and motion sensing, allowing for accurate recogni-
tion of movement of sensor device 108 within a three-dimen-
sional space (e.g., using three-dimensional coordinates,
tracking displacement through three-dimensional space,
etc.). Data from gyroscope 220 can be transmitted to a user
device via Bluetooth transmitter 216 (or another communi-
cation mechanism, such as radio frequency transceiver 218).

[0044] Sensor device 108 can also include humidity sensor
222 (or hygrometer 222). In some examples, humidity sensor
222 can sense the humidity of the environment surrounding
sensor device 108. For example, humidity sensor 222 can
detect the humidity changes of an environment throughout
the day, throughout a workout, or the like. In some examples,
sensor device 108 can be waterproof or otherwise usable in
wet conditions, and humidity sensor 222 can detect submer-
sion in water. Similarly, humidity sensor 222 or a sensor
similar to a humidity sensor can be included in sensor device
108 to detect sweat on a user’s skin or even an amount of
sweat accumulated on a user’s skin. Humidity information
from humidity sensor 222 can be transmitted to a user device
via Bluetooth transmitter 216 (or another communication
mechanism, such as radio frequency transceiver 218).

[0045] Sensor device 108 can also include force/pressure
sensor 240. Force/pressure sensor 240 can sense an amount of
force applied to a portion or all of sensor device 108. For
example, sensor device 108 can be incorporated into the palm
of a glove (or force/pressure sensor 240 can be incorporated
into the palm of a glove with other components elsewhere on
the glove), and force/pressure sensor 240 can be used to sense
that a user is grasping a piece of equipment (free weights,
chin-up bar, etc.). In some examples, force/pressure sensor
240 can also sense force information that can be used to
determine an amount of weight being held in the palm of a
user’s hand. Force/pressure sensor 240 can also sense pres-
sure applied to a portion or all of sensor device 108, orin other
examples the pressure of the atmosphere surrounding sensor
device 108. For example, force/pressure sensor 240 can
detect pressure information that can be used to determine an
altitude. Similarly, force/pressure sensor 240 can detect pres-
sure information that can be used to determine depth of sub-
mersion in water (e.g., to determine the depth of a user diving
while wearing sensor device 108). Force/pressure sensor 240
can also detect force and/or pressure that can be used to
determine a user’s blood pressure, heart rate or pulse, and the
like. Force/pressure sensor 240 can also detect the force of an
impact, such as punching an object, kicking a ball, or the like.
For example, a sensor could be placed on a shoe to detect
impact force upon kicking a soccer ball or the like. Force or
pressure data sensed by force/pressure sensor 240 can be
transmitted to a user device via Bluetooth transmitter 216 (or
another communication mechanism, such as radio frequency
transceiver 218).
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[0046] Sensordevice 108 can also include a variety of other
sensors that are not illustrated in FIG. 2. For example, sensor
device 108 can also include a temperature sensor that can
sense the temperature of the surrounding environment and/or
the temperature of a user’s skin near sensor device 108. Sen-
sor device 108 can also include a magnetometer or compass
that can be used to detect the earth’s magnetic field and to
provide direction information. Sensor device 108 can also
include a global positioning system sensor (GPS) that can
triangulate the coordinate position of sensor device 108 based
on sensed global positioning satellite signals. Sensor device
108 can also include a light sensor and/or a camera that can be
used to detect light, take photographs, recognize a user’s face,
identify the direction of a user’s gaze, or the like. Sensor
device 108 can also include a proximity sensor that can be
used to detect the presence of a user’s face, objects, the
ground, or the like. Sensor device 108 can also include a
muscle contraction sensor that can be used to detect the con-
tractions and orientations of a user’s muscles. It should thus
be understood that sensor device 108 can include various
combinations of the sensors illustrated in FIG. 2 as well as a
variety of other sensors that are not shown.

[0047] Sensordevice 108 can also include a variety of other
communication mechanisms that are not shown in FIG. 2. For
example, sensor device 108 can include a cellular antenna that
can send and receive information using a cellular telephone
network. Sensor device 108 can also include a Wi-Fi antenna
that can send and receive information using a Wi-Fi network.
Sensor device 108 can also include a near field communica-
tion (NFC) radio that can communicate with other NFC
radios or unpowered NFC chips called “tags.” It should thus
be understood that sensor device 108 can include a variety of
communication mechanisms other than those illustrated in
FIG. 2.

[0048] Sensor device 108 can also include a memory, such
as a flash memory, hard disk drive, or the like. In some
examples, sensor data can be recorded within sensor device
108 while also being transferred to a user device. In other
examples, sensor data can be recorded within sensor device
108 and transferred at a later time to a user device. For
example, sensor device 108 can sense and record information
when outside communication range of a user device. When
sensor device 108 comes within the communication range of
the user device, the recorded sensor data can then be trans-
ferred to the user device automatically. In some examples, a
user can wear particular sensor devices during a physical
activity without carrying or wearing a user device (e.g., a
smartphone). The sensor devices can record sensed data
throughout the physical activity for later transmission to a
user device.

[0049] It should be understood that sensor device 108 can
include a variety of other components as desired in particular
configurations. For example, sensor device 108 can include a
display (e.g., an LCD screen), an LED indicator light, a
speaker, a microphone, a camera, a light sensor, a camera
flash, buttons, switches, and the like.

[0050] FIG. 3 illustrates exemplary sensor devices config-
ured for and placed on various parts of a body. The various
illustrated sensor devices can include any of the sensors and
components illustrated and discussed with reference to sensor
device 108 in FIG. 1 and FIG. 2 (e.g., any combination of
various sensors and communication mechanisms). In addi-
tion, any number and any combination of the illustrated sen-
sor devices can form part of sensor network 110 discussed
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above with reference to system 100 in FIG. 1. In particular,
although various exemplary sensor devices and placements
are illustrated, it should be understood that fewer and other
devices and alternative placements are possible in configur-
ing a sensor network that can, in one example and among
other things, recognize the physical activity of the user,
including stance, movements, sports activities, exercises, and
the like of a user.

[0051] In one example, person 329 can carry user device
102 ina pocket, clip user device 102 to a waistband, wear user
device 102 in a designated pouch, or the like. User device 102
in the illustrated example can include a smartphone, tablet
computer, portable media player, or the like. In some
examples, user device 102 can include any of the sensors and
communication mechanisms discussed above with reference
to sensor device 108. For example, user device 102 can
include an accelerometer, a gyroscope, and a Bluetooth trans-
mitter, along with other sensors and communication mecha-
nisms. Sensor information from user device 102 can be used
for a variety of purposes, such as tracking distance traversed
(e.g., displacement), tracking altitude, recording the path ofa
user’s hips through three-dimensional space over time, count-
ing steps taken, or the like. As in system 100 discussed above,
user device 102 can form part of a sensor network and can
receive sensor data and other signals from various sensor
devices on person 329.

[0052] Inoneexample, a sensor network on person 329 can
include shoe sensor 330 and/or shoe sensor 332. Shoe sensors
330 and 332 can be configured to clip onto shoelaces, rest
inside a shoe compartment, attach to a shoe surface, attach to
socks, or the like, or shoe sensors 330 and 332 can be built into
shoes or particular shoe pieces. Shoe sensors 330 and 332 can
include a variety of sensors, such as accelerometers and/or
gyroscopes to sense movement, orientation, rotation, and the
like. Sensor information from shoe sensors 330 and 332 can
be used for a variety of purposes, such as determining the
position and orientation of a user’s foot, tracking steps,
recording the path ofa user’s foot in three-dimensional space
over time, determining distance traversed, measuring veloc-
ity, or the like.

[0053] A sensor network on person 329 can also include
ankle sensor 334. Although a single ankle sensor 334 is shown
in FIG. 3, it should be understood that two ankle sensors (e.g.,
one on each ankle) can be used in some examples. Ankle
sensor 334 can be configured as part of an ankle bracelet,
ankle band, chain, or the like, or ankle sensor 334 can be
configured to be clipped onto or attached to ankle bracelets,
ankle bands, chains, socks, shoes, pant legs, or the like. Ankle
sensor 334 can include a variety of sensors, such as acceler-
ometers and/or gyroscopes to sense movement, orientation,
rotation, and the like. Sensor information from ankle sensor
334 can be used for a variety of purposes, such as determining
the position and orientation of a user’s leg, tracking steps,
recording the path of a user’s leg in three-dimensional space
over time, determining distance traversed, measuring veloc-
ity, or the like.

[0054] A sensor network on person 329 can also include
glove sensor 337, which can be incorporated into glove 336.
Although a single glove 336 is shown in FIG. 3, it should be
understood that two gloves (e.g., one on each hand) can be
used in some examples. Similarly, although a single glove
sensor 337 is shown on glove 336, it should be understood
that multiple sensors can be incorporated into or attached to
glove 336 (e.g., sensors on the palm side, back side, around



US 2016/0256082 A1

the wrist, near the fingers, etc.). Glove 336 can include, for
example, a weight lifting glove or the like. Glove sensor 337
can include a variety of sensors, such as accelerometers,
gyroscopes, force/pressure sensors, humidity sensors, and the
like. Sensor information from glove sensor 337 can be used
for a variety of purposes, such as approximating an amount of
weight held in a user’s hand, sensing that a user is grasping a
piece of equipment, sensing the orientation of a user’s hand
relative to the user’s body, recording the path ofa user’s hand
in three-dimensional space over time, measuring velocity of
hand movement, reading data from a nearby sensor tag, send-
ing commands to controllable equipment, measuring a user’s
blood pressure, measuring a user’s heart rate or pulse, or the
like. Moreover, glove sensor 337 can include additional com-
ponents and features as desired, such as a screen, buttons,
lights, microphone, speaker, camera, or the like.

[0055] A sensor network on person 329 can also include
wrist sensor 338. Wrist sensor 338 caninclude similar sensors
for similar purposes as glove sensor 337. In some examples,
wrist sensor 338 can include the same or similar sensors as
glove sensor 337, but attached to a wristband or the like
instead of a glove. Wrist sensor 338 can be incorporated into
a wristwatch, wristband, bracelet, chain, shirt sleeve, or the
like, or wrist sensor 338 can be configured to be attached to a
wristwatch, wristband, bracelet, chain, shirt sleeve, or the like
near the wrist or hand. Although a single wrist sensor 338 is
shown in FIG. 3, it should be understood that two wrist
sensors can be used in some examples (e.g., one on each
wrist), or a wrist sensor 338 on one hand can be used in
conjunction with a glove sensor 337 on the other hand as
depicted.

[0056] Wrist sensor 338 can include a variety of sensors,
such as accelerometers, gyroscopes, force/pressure sensors,
humidity sensors, and the like. Sensor information from wrist
sensor 338 can be used for a variety of purposes, such as
sensing the orientation of a user’s hand relative to the user’s
body, recording the path of a user’s wrist in three-dimensional
space over time, measuring velocity of wrist movement, read-
ing data from a nearby sensor tag, sending commands to
controllable equipment, measuring a user’s blood pressure,
measuring a user’s heart rate or pulse, or the like. Moreover,
wrist sensor 338 can include additional components and fea-
tures as desired, such as a screen, buttons, lights, microphone,
speaker, camera, or the like. For example, wrist sensor 338
can provide additional functionality for a user beyond sens-
ing, such as displaying a clock, displaying information, giv-
ing audible feedback, giving haptic feedback, or the like.

[0057] A sensor network on person 329 can also include
armband sensor 342. Although a single armband sensor 342 is
shown in FIG. 3, it should be understood that two armband
sensors (e.g., one on each arm) can be used in some examples.
Inone example, armband sensor 342 canbe configured as part
of armband 340. In other examples, armband sensor 342 can
be configured to be attached to or incorporated into a shirt
sleeve, portable device armband pouch, or the like. Armband
sensor 342 can include a variety of sensors, such as acceler-
ometers, gyroscopes, humidity sensors, force/pressure sen-
sors, or the like. Sensor information from armband sensor 342
can be used for a variety of purposes, such as determining the
position and orientation of a user’s arm, tracking arm swings,
recording the path of a user’s arm through three-dimensional
space over time, determining distance traversed, measuring
velocity, measuring muscle contractions, measuring a user’s
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blood pressure, measuring a user’s heart rate or pulse, moni-
toring sweat production, monitoring temperature, or the like.
[0058] A sensor network on person 329 can also include
necklace sensor 350. Necklace sensor 350 can be incorpo-
rated into or attached to a necklace, neckband, chain, string,
or the like. Necklace sensor 350 can include a variety of
sensors, such as accelerometers, gyroscopes, temperature
sensors, force/pressure sensors, microphones, or the like.
Sensor information from necklace sensor 350 can be used for
a variety of purposes, such as determining a user’s heart rate
or pulse, monitoring sweat production, monitoring tempera-
ture, recording the path of a user’s neck through three-dimen-
sional space over time, determining distance traversed, mea-
suring velocity, or the like.

[0059] A sensor network on person 329 can also include
sensors incorporated into a set of headphones that can be
attached to or in communication with user device 102. For
example, a set of headphones can include in-line sensor 344,
headphone sensor 346, and headphone sensor 348. In-line
sensor 344 can be configured as part of a set of headphones in
line with headphone cables (e.g., similar to in-line micro-
phones and volume controls), or in-line sensor 344 can be
configured to be attached to or clipped onto a headphone
cable. Headphone sensors 346 and 348 can be incorporated
into the earpieces of a set of headphones, or headphone sen-
sors 346 and 348 can be configured to attach to or clip onto
earpieces or headphone cables near earpieces.

[0060] In-line sensor 344 and headphones sensors 346 and
348 can include a variety of sensors, such as accelerometers,
gyroscopes, temperature sensors, force/pressure sensors,
microphones, or the like. Sensor information from in-line
sensor 344 and headphones sensors 346 and 348 can be used
for a variety of purposes, such as determining a user’s heart
rate or pulse, monitoring sweat production, monitoring tem-
perature, recording the path of a user’s head through three-
dimensional space over time, determining distance traversed,
measuring velocity, determining the orientation of a user’s
head, determining the line of sight or visual field of a user’s
eyes, or the like.

[0061] Itshouldbeunderstood that other sensors and place-
ments are possible that can form part of a sensor network. For
example, sensors can be positioned on the back to monitor
posture or back positions during a lift, gymnastic routine, or
the like. Moreover, any of the sensors in F1G. 3 can be dupli-
cated or repositioned depending on desired applications. In
one example, sensors can be configured fora particular place-
ment as depicted in FIG. 3 (e.g., ankle, wrist, arm, etc.). In
other examples, one sensor can be configured to be positioned
in a variety of positions around a user’s body. For example,
ankle sensor 334 can also be configured for use as glove
sensor 337, armband sensor 342, or necklace sensor 350. In
one example, a user can place multiple sensors as desired, and
user device 102 can automatically determine the placement of
the sensors based on sensing typical user movements or other
sensor data during, for example, a calibration period (e.g.,
recognizing a shoe sensor from sensing typical walking
motions, recognizing a wrist sensor from sensing typical arm
swinging motions, recognizing a necklace sensor from sens-
ing typical neck motions while walking, etc.).

[0062] In other examples, a user can indicate through an
app on user device 102 or through buttons or switches on the
various sensors where different sensors are placed (e.g., by
manually indicating the placement of sensors that are sensed
as forming part of a sensor network). For example, a sensor
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can have switches, buttons, lights, or the like for enabling a
user to manually indicate where a sensor is to be placed on a
body (e.g., shoe, ankle, wrist, palm, finger, neck, arm, hip
pocket, back pocket, waistband, ear, shoulder, etc.). In other
examples, an app on user device 102 can display a list of
sensors that are sensed nearby (e.g., indicating sensor identi-
fication numbers or the like), and a user can indicate via the
app the placement of each of the listed or desired sensors. It
should be understood that other methods are possible for
recognizing or indicating sensor placement.

[0063] Moreover, in some examples, the number and place-
ment of sensors can be varied based on desired functionality.
For example, a user can opt to use one ankle sensor (or two
ankle sensors) to monitor the user’s gait and record the path of
the user’s ankle through three-dimensional space during a
walk or run. In a different example, a user can opt to use one
or two ankle sensors in combination with one or two wrist
sensors to record the path of the user’s feet and hands
throughout karate or dance routines.

[0064] In some examples, user device 102 can be config-
ured to collect sensor data to automatically recognize and
track user activity, such as automatically recognizing and
tracking a user’s strength training exercises during a workout.
Different sensors in different places can be desirable for
enabling user device 102 to automatically recognize and track
a user’s physical activities and exercises. For example, to
recognize that a user is performing a push-up. a sensor can be
desirable near the head, neck, or core in addition to a sensor
on a wrist or ankle to sense an increasing distance from the
ground during the up motion and a decreasing distance during
the down motion, as well as to sense that a user is in a prone
position during the activity. Similarly, to recognize that a user
is performing jumping jacks, sensors can be desirable on a
wrist and on an ankle to recognize the inward and outward
motions of the legs as well as the up and down arc of the arms,
as well as to sense that a user is in a standing position during
the activity. It should thus be understood that the number and
placement of sensors can be varied as desired based, for
example, on desired functionality.

[0065] Any of a variety of exercises and physical activities
can be automatically recognized and/or tracked using a sen-
sor network as discussed herein. For example, a sensor net-
work that includes sensors near a user’s wrist, ankle, head,
and waist can be used to automatically recognize and track a
wide variety of strength training exercises, such as chin ups,
pull ups, dips, lateral pull-downs, overhead shoulder presses,
bent-over barbell rows, bent-over dumbbell rows, upright
rows, cable rows. barbell bench presses, dumbbell bench
presses, pushups, squats, lunges, deadlifts, power cleans,
back extensions, and the like. In one example, typical sensor
data corresponding to each physical activity or exercise can
be stored in a database. Collected sensor information can then
be compared to stored database activities to determine which
physical activity or exercise a user is performing.

[0066] Insome examples, machine learning techniques can
be used to improve the accuracy of activity recognition from
sensor data. User data can be aggregated and compared, and
recognition algorithms can be improved over time as addi-
tional data is gathered and processed. Similarly, users can
manually indicate the physical activity being performed to
train a user device to automatically recognize the activity in
the future (e.g., entering the name of a particular martial arts
movement that may not yet be in the database). Multiple users
can also contribute to the development and improvement of a
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database over time by correlating collected sensor data with
particular physical activities to train the database. It should be
understood that still other methods are possible for training a
user device to automatically recognize and track various
activities.

[0067] In addition, an app on a user device can provide a
variety of functions using sensor information from a sensor
network. For example, an app can use sensor information
from a sensor network to automatically maintain a workout
exercise log that can include such details as timing, repeti-
tions, sets, weights, and the like associated with particular
activities. A user’s speed and distance can also be tracked and
recorded for lifts, kicks, punches, and the like. A record of
muscles exercised recently can also be kept to, for example,
aid users in planning and optimizing workouts. A user’s form,
posture, or the like in performing certain exercises or move-
ments can also be monitored, such as monitoring how well a
user is performing a particular stretch, lift, dance move, karate
move, yoga move, yoga pose, punch, kick, or the like.
[0068] The amount of power and work a user has exerted
can also be tracked based on received sensor information. In
some examples, a three-dimensional recording of a user’s
movements can be derived from sensor information, such as
recording a sporting activity, dance routine, kick, lift, throw,
or the like in three dimensions (e.g., using three-dimensional
coordinates, displacement through three-dimensional space,
etc.). Haptic feedback can also be incorporated as part of an
app to direct a user’s movements, indicate timing, indicate
repetitions, indicate optimal form, teach a user moves, or the
like through vibrations or other feedback from a user device
or sensor. The amount of weight lifted and/or the equipment
used throughout a workout can also be tracked, and in some
examples, an app can automatically configure controllable
equipment as desired for a particular workout or activity. It
should thus be appreciated that many other features and func-
tions are possible using sensor information from a sensor
network,

[0069] FIG. 4A illustrates the palm side of exemplary glove
336 with incorporated sensors 452 and 454, and FIG. 4B
illustrates the back side of exemplary glove 336 with incor-
porated sensor 456. Glove 336 can include a weight lifting
glove, boxing glove, or the like. Glove 336 can include force/
pressure sensors 452 and 454 on the palm side as well as glove
sensor 456 on the back side, or it can include fewer or addi-
tional sensors and components as desired for particular appli-
cations and functions. In one example, force/pressure sensors
452 and 454 can sense force or pressure applied to the primary
impact points of weights or equipment on glove 336. The
sensed force or pressure can be used to determine and record
an amount of weight that is being lifted. For example, as a user
lifts a weight during a bicep curl or a similar activity, force/
pressure sensors 452 and 454 can sense the amount of force or
pressure applied to the impact areas of glove 336 to determine
the amount of weight that the user is lifting. An app on a user
device in communication with force/pressure sensors 452 and
454 can track and record a user’s weight lifting activity based
on this sensed information (e.g., including the amount of
weight, number of repetitions, speed, rest periods, and the
like).

[0070] In addition to or instead of force/pressure sensors
452 and 454, glove 336 can include (incorporated into the
glove or otherwise attached to the glove) glove sensor 456.
Glove sensor 456 can include similar sensors and perform
similar functions as glove sensor 337 discussed above with
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reference to FIG. 3. For example, glove sensor 456 can
include accelerometers, gyroscopes, force/pressure sensors,
humidity sensors, and the like. Sensor information from glove
sensor 456 can be used for sensing the orientation of a user’s
hand relative to the user’s body, recording the path of a user’s
hand in three-dimensional space over time, measuring veloc-
ity of hand movement, reading data from a nearby sensor tag,
sending commands to controllable equipment, measuring a
user’s blood pressure, measuring a user’s heart rate or pulse,
or the like. Glove sensor 456 can also include additional
components (not shown) to provide additional functions and
features for a user, such as a screen, buttons, lights, micro-
phone, speaker, camera, or the like that can be integrated into
glove 336 or glove sensor 456 (which can be attached to glove
336).

[0071] FIG.5A illustrates exemplary wristwatch 558 with a
display that can be dimmed or disabled based on sensor
information from incorporated sensors, and FIG. 5B illus-
trates exemplary wristwatch 558 with a display that can be
brightened or enabled based on sensor information from the
incorporated sensors. Wristwatch 558 can include any of the
sensor devices and sensors discussed herein, including a wrist
sensor configured as a wristwatch (e.g., as in wrist sensor 338
of FIG. 3). In one example, sensor information from sensors
in wristwatch 558 can be used to brighten or enable a display,
or conversely to dim or disable a display. For example, wrist-
watch 558 can include an accelerometer, gyroscope, and the
like for sensing motion, orientation, rotation, and the like.
Sensors in wristwatch 558 can sense, for example, that person
557 is standing with arms down to the side or running with
arms swinging as illustrated in FIG. 5A. In particular, sensors
in wristwatch 558 can sense that the wrist of person 557 is
swinging, held down to the side, angled away from the body,
or the like. In such a position, wristwatch 558 can disable or
dim an associated display or touchscreen under the assump-
tion that person 557 is not looking at wristwatch 558. In other
examples, wristwatch 558 can disable buttons, switches, or
other interface elements to prevent accidental presses when a
user is not actively interacting with the wristwatch, as inferred
from the sensed position, orientation, or the like.

[0072] On the other hand, as illustrated in FIG. 5B, when
person 557 raises his arm and orients wristwatch 558 toward
his face, the sensors in wristwatch 558 can sense movement
560 (swinging the arm high and close to the face) as well as
sense the orientation of wristwatch 558 toward the body. In
such a position with such sensed information, wristwatch 558
can automatically enable or brighten an associated display or
touchscreen. In other examples, wristwatch 558 can enable
buttons, switches, or other interface elements to allow for
previously disabled user interaction.

[0073] In some examples, a camera can be included in
wristwatch 558 instead of or in addition to other sensors, and
the camera can sense, for example, that a user is looking away
from the wristwatch. For example, as illustrated in FIG. 5A by
dotted lines, person 557 may be looking forward with a line of
sight or visual field primarily forward of the body while
wristwatch 558 is held down to the sides. In such a position,
a camera incorporated into wristwatch 558 can sense the
absence of a face or eyes near the camera. On the other hand,
when person 557 raises his arm, angles wristwatch 558
toward his face, and angles his face and/or eyes toward wrist-
watch 558 (as illustrated by dotted lines in FIG. 5B), the
camera incorporated into wristwatch 558 can sense the pres-
ence of a face or eyes near the camera in the camera’s field of
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view. When a face and/or eyes are not detected in the camera’s
field of view (as in FIG. 5A), any display, touchscreen, but-
tons, switches, or the like can be disabled. When a face and/or
eyes are detected in the camera’s field of view (as in F1G. 5B),
wristwatch 558 can automatically enable or brighten an asso-
ciated display or touchscreen, or in other examples can enable
buttons, switches, or other interface elements to allow for
previously disabled user interaction. In some examples, a
proximity sensor can also be used in conjunction with or
instead of a camera to perform proximity sensing to aid in
determining whether to enable or disable interface elements.

[0074] Inotherexamples, the line of sight or field of view of
person 557 can be determined using sensors attached to the
head, and that information can be used to enable or disable a
display, touchscreen, or other interface elements on wrist-
watch 558. For example, person 557 can wear headphones
with incorporated sensors (such as headphone sensors 346
and 348 of FIG. 3). The headphone sensors can sense the
orientation of the head. When the sensors detect that the head
is directed forward, the sensed information can be used alone
or in conjunction with other sensor information to determine
that a display or other interface element can be disabled.
When the sensors detect that the head is angled downward,
the sensed information can be used alone or in conjunction
with other sensor information to determine that a display or
other interface element can be enabled. It should thus be
understood that a variety of sensors can be used to determine
when to enable or disable a display, touchscreen, or other
interface elements on an exemplary wristwatch with incorpo-
rated sensors. It should further be understood that such
enabling and disabling functions can be used for other sensor
devices and sensors on other parts of the body (e.g., an arm-
band).

[0075] FIG. 6A and FIG. 6B illustrate exemplary wrist
sensor 662 providing haptic feedback to person 661 at a first
extreme of an exercise motion and at a second extreme of an
exercise motion, respectively. Any of the various sensors
discussed herein can include vibrators, shakers, buzzers,
other mechanical stimulators, lights, speakers, or the like for
providing tactile, visual, and/or aural feedback to a user. User
feedback can be provided in a variety of situations to improve
a user experience, aid a user in performing an exercise, direct
auser to take certain actions, indicate a count, indicate a time,
warn a user that further movement could lead to injury, or the
like. For example, user feedback can be used to direct auser’s
motions during exercise, such as indicating optimal extreme
positions of a motion, or to indicate status of a set of repeti-
tions, such as indicating the end of a set, or the like.

[0076] In one example, wrist sensor 662 (or any other sen-
sor discussed herein) can include a vibrator to provide haptic
feedback. Person 661 can be engaged in any type of exercise
or motion, such as a seated focused bicep dumbbell curl
where person 661 lifts weight 664 from a lower extreme
positionas in FIG. 6A to an upper extreme position as in FIG.
6B. In one example, wrist sensor 662 can recognize alone or
in conjunction with other sensors that person 661 is engaged
in abicep curl (automatically, as part of an exercise routine, as
manually indicated by person 661, or the like). Wrist sensor
662 can then provide feedback during the exercise in a variety
of ways. For example, at the lower extreme illustrated in FIG.
6A, wrist sensor 662 can vibrate briefly or in a particular
vibration pattern to indicate that person 661 has extended his
arm to an optimal position at that lower extreme of the
motion. At the upper extreme illustrated in FIG. 6B, wrist
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sensor 662 can also vibrate briefly or in another particular
vibration pattern to indicate that person 661 has curled his
arm to an optimal position at that upper extreme of the
motion.

[0077] In other examples, wrist sensor 662 can provide
feedback during the illustrated exercise for a variety of other
purposes. For example, wrist sensor 662 can vibrate briefly or
in a particular vibration pattern to aid person 661 in keeping
a particular rhythm, pace, or timing of curl motions. In
another example, wrist sensor 662 can vibrate briefly or in a
particular vibration pattern to indicate that person 661 has
completed a predetermined set of repetitions or to indicate
progress during a set of repetitions (e.g., a brief vibration
indicating completion of half of a set and a longer vibration
indicating completion of the set). In yet another example,
wrist sensor 662 can vibrate briefly orin a particular vibration
pattern to indicate that person 661 is within or outside of a
target heart rate zone. It should thus be understood that wrist
sensor 662, and any other sensor discussed herein, can pro-
vide user feedback for a variety of purposes to aid users
during exercises or other physical activities. It should like-
wise be understood that feedback can be provided in a variety
of ways other than vibration, such as blinking lights or emit-
ting sounds.

[0078] FIG. 7A and FIG. 7B illustrate exemplary ankle
sensor 772 providing haptic feedback to person 771 at a first
position of an exercise motion and at a second position of an
exercise motion, respectively. As with wrist sensor 662 of
FIG. 6A and FIG. 6B, ankle sensor 772 can include vibrators,
shakers, buzzers, other mechanical stimulators, lights, speak-
ers, or the like for providing tactile, visual, and/or aural feed-
back to a user. In the example illustrated in FIG. 7A and FIG.
7B, ankle sensor 772 can include a vibrator to provide haptic
feedback. Person 771 can be engaged in a glute kickback
exercise where person 771 assumes a kneeling pushup posi-
tion and raises and lowers her leg repeatedly. In one example,
ankle sensor 772 can recognize alone or in conjunction with
other sensors that person 771 is engaged in a glute kickback
exercise. Ankle sensor 772 can then provide feedback during
the exercise in a variety of ways. For example, in a middle
position of the exercise illustrated in FIG. 7A, ankle sensor
772 can vibrate briefly or in a particular vibration pattern to
indicate that person 771 should slow her pace. At the upper
extreme of the exercise illustrated in FIG. 7B, ankle sensor
772 can vibrate to indicate that person 771 has raised her leg
to an optimal extreme of the motion.

[0079] In other examples, ankle sensor 772 can provide
feedback during the illustrated exercise for a variety of other
purposes. For example, ankle sensor 772 can vibrate briefly or
in a particular vibration pattern to aid person 771 in keeping
a particular rhythm or timing of kickback motions. In another
example, ankle sensor 772 can vibrate briefly or in a particular
vibration pattern to indicate that person 771 has completed a
predetermined set of repetitions or to indicate progress during
a set of repetitions (e.g., a brief vibration indicating comple-
tion of half of a set and a longer vibration indicating comple-
tion of the set). In yet another example, ankle sensor 772 can
vibrate briefly or in a particular vibration pattern to indicate
that person 771 is within or outside of a target heart rate zone.
It should thus be understood that ankle sensor 772, and any
other sensor discussed herein, can provide user feedback for
a variety of purposes to aid users during exercises or other
physical activities. It should likewise be understood that feed-
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back can be provided ina variety of ways other than vibration,
such as blinking lights or emitting sounds.

[0080] Itshould further be understood that the examples of
FIGS. 6A, 6B, 7A, and 7B are illustrative, and any type of
exercise could benefit from user feedback. It should likewise
be understood that multiple sensors can function coopera-
tively to provide feedback to a user. For example, feedback
can be provided via an armband sensor based on motions
primarily sensed by an ankle sensor. Similarly, feedback can
be provided aurally via headphones based on motions sensed
by a shoe sensor. In addition, feedback can be used to direct
users in still other ways beyond performing exercise motions,
such as training a user to perform a dance routine by directing
a user’s motions during the routine or the like.

[0081] FIG. 8A illustrates free weights 882 on weight tree
880 with exemplary weight tags 884 that can communicate
information to a sensor device. In some examples, any of the
sensors and/or user devices discussed herein can communi-
cate with sensors or tags that can be mounted or positioned in
particular locations, on particular equipment, or the like, such
as weight tags 884 mounted to free weights 882. Such sensors
or tags can include any ofa variety of communication mecha-
nisms that can be active or passive. For example, tags can
include active or passive NFC tags that can be stimulated by
an NFC reader to produce a signal that can then be read by the
NFC reader. In another example, tags can include Wi-Fi, RF,
or Bluetooth tags or devices that can receive a request for
information and transmit the corresponding information in
response. In yet another example, tags can include barcodes,
quick response (QR) codes, images, symbols, numbers, or the
like that can be read using a camera and corresponding soft-
ware to recognize the encoded information (e.g., a QR code
scanning app or the like). For example, an app can recognize
a textual number on the end of a free weight from a camera
image without a separate tag. It should be understood that
many other tags and devices can be used that can communi-
cate requested information in any of a variety of ways.
[0082] In the example illustrated in FIG. 8A, any of the
sensors or devices discussed herein can communicate with
weight tags 884 mounted on free weights 882. Weight tags
884 can be constructed, printed, or programmed to indicate
the corresponding weight of the free weight 882 to which it is
attached. For example, a weight tag attached to a five pound
weight (indicated by “5”) can indicate that the free weight is
five pounds while a weight tag attached to a twenty pound
weight (indicated by “20”) can indicate that the correspond-
ing free weight is twenty pounds. In some examples, weight
tags 884 can be permanently constructed or programmed to
indicate a particular weight, such that they can be applied to
the corresponding weights by a user or gym personnel. In
other examples, weight tags 884 can be reprogrammable such
that a user or gym personnel can program weight tags 884 to
correspond to a particular weight as desired.

[0083] In one example, a user wearing any of a variety of
sensors can engage in exercises using free weights 882. Asa
user removes a particular weight for use, one or more sensors
associated with the user can read the weight tag 884 to rec-
ognize the amount of weight being used. The recognized
amount of weight can be automatically tracked and recorded
as part of an exercise log as the user’s sensors and user device
track and record exercises completed. In some examples, a
user can scan a weight tag 884 prior to use by pointing a
camera at the tag, positioning a sensor near the tag, or the like.
In other examples, sensors discussed herein can scan for
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nearby tags automatically and track the use of the nearest tag
or tags. For example, a wrist sensor can automatically detect
and recognize weight tag 884 as the corresponding weight is
held in a user’s hand. In still other examples, weight tags 884
can be mounted on weight tree 880 and read as a user removes
a weight from the corresponding position on the tree.

[0084] FIG. 8B illustrates another exemplary use of tags
similar to weight tags 884 of FIG. 8A. FIG. 8B illustrates
weight machine 885 including seat 888, handle 889, and
adjustable weights 886 for performing a chest fly exercise.
Weight machine 885 can have associated therewith weight
machine tag 890 and/or weight control tag 892. Tags 890 and
892 can include similar communication features discussed
above, such that they can communicate with any of the sen-
sors or user devices discussed herein.

[0085] In one example, weight machine tag 890 can func-
tion in a similar fashion as weight tags 884 of FIG. 8A. In
particular, weight machine tag 890 can communicate infor-
mation to a user device or sensors concerning weight machine
885. For example, weight machine tag 890 can indicate that
weight machine 885 is a chest fly exercise machine. A user
device and sensors can then track a user’s exercises near tag
890 and automatically recognize the user’s movements as
chest fly exercises. Similarly, a recognition algorithm on a
user device used for recognizing particular exercises from
user movements can take into account the information from
weight machine tag 890 in determining which exercise a user
is performing for tracking purposes.

[0086] In another example, weight machine tag 890 can
communicate that weight machine 885 is a chest fly exercise
machine, and the user’s device or sensors can provide feed-
back or information to the user related to machine 885. For
example, when a user device or sensor detects weight
machine tag 890 and receives information identifying weight
machine 885 as a chest fly exercise machine, the user device
can cause machine instructions, tips, or the like to be played
via a user’s headphones. In another example, a record of past
interaction with the machine can be provided to the user, such
as audibly announcing to the user or displaying the amount of
weight, repetitions, sets, or the like from the user’s previous
use or uses of machine 885. Still other information and feed-
back can be automatically provided to the user upon recog-
nizing weight machine 885 based on weight machine tag 890.
It should be understood that the placement of weight machine
tag 890 can be varied as desired, and placing it near handle
88915 just one example that could, for example, be convenient
for sensing by a wrist sensor or armband sensor.

[0087] Weight machine 885 can also have weight control
tag 892 instead of or in addition to weight machine tag 8§90. In
one example, weight control tag 892 can perform similar
functions as weight machine tag 890, but can also receive
requests from a user device or sensor and control weight
machine 885 based on the received requests. Weight control
tag 892 can include an active communication mechanism that
canbothreceive data and send data (e.g., receive arequest and
send back a confirmation). For example, weight control tag
892 can establish communication with a sensor or user device
and enable a user to control certain controllable features of
weight machine 885 via the user device or sensors. In one
example, weight control tag 892 can change the amount of
weight selected on machine 885, can raise or lower seat 888,
can adjust handle 889 and its associated arms back and forth,
or the like. Such adjustments can be memorized from a user’s
previous uses of machine 885, can be entered via an interface
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on a user device or sensor, can be part of a workout program,
or the like. In this manner, weight machine 885 can be auto-
matically adjusted and prepared for a particular user once
communicationis established between weight control tag 892
and a user device or sensors. As with weight machine tag 8§90,
the user’s subsequent exercises can then be tracked and
recorded as part of an exercise log.

[0088] Although a particular weight machine is illustrated
in FIG. 8B, it should be understood that any weight machine
or other controllable or sensory equipment can have associ-
ated therewith a control tag that can interact with a user device
and/or sensors to enable a user to receive information from
and/or control the equipment through the user device and/or
sensors. For example, in another exemplary application, a
gymnastic mat can include a communication tag and sensors
for detecting a gymnast’s steps during a routine and transmit-
ting the information to a user device.

[0089] It should thus be understood that active or passive
tags or devices can be placed in a variety of locations for a
variety of purposes, including receiving information about a
particular piece of equipment, receiving sensed information
from the equipment, or controlling a piece of equipment. It
should also be understood, however, that such tags can be
used for any of a variety of equipment beyond exercise
machines and exercise applications, such as kitchen
machines, entertainment equipment, vehicle interfaces, or the
like.

[0090] FIG. 9A illustrates exemplary exercise review 993
ofatracked exercise. Exercise review 993 can be displayed on
a user device, on a computer monitor, on a web interface, on
a display incorporated into a sensor device, or the like. As
mentioned above, a sensor network can be used to recognize
physical activities and track a user’s workout, including
strength training exercises. Exercise review 993 can display a
visualization of a particular exercise, and specifically how a
user performed during the exercise. For example, exercise
review 993 can include an indication of a particular exercise
type 994 along with graph 998 and message 995.

[0091] In one example, exercise type 994 can include an
Olympic lift. Graph 998 can include a variety of information
related to a user’s performance of a particular exercise, such
as the amount of power exerted over time during an exercise.
For example, graph 998 in the illustrated example depicts the
power a user exerted in watts during a one-second time
period. Message 995 can include a variety of information,
such as an exercise summary, statistics, amotivational phrase,
or the like. For example, message 995 in the illustrated
example notes that the user’s maximum power during the
Olympic lift was four hundred watts. In addition, message
995 can also include a motivational phrase, such as indicating
that the amount of power exerted is sufficient to jump-start a
motorcycle. Other motivational phrases can also be included
that can compare exerted power to other applications. A vari-
ety of other messages and informational phrases can also be
included in message 995. Graph 998 can also includea variety
of other information as desired for different exercises.

[0092] FIG. 9B illustrates exemplary workout review 997
including a fitness log tracking total work exerted during
different workouts. Workout review 997 can be displayed on
a user device, on a computer monitor, on a web interface, on
a display incorporated into a sensor device, or the like. As
mentioned above, a sensor network can be used to recognize
physical activities and track a user’s workouts. Workout
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review 997 can display a visualization of workouts over time
or a fitness log depicting workout performance on different
occasions.

[0093] Workout review 997 can include a variety of infor-
mation summarizing a user’s performance during a number
of prior workouts. Workout review 997 can include, for
example, graph 999 to graphically depict performance as well
as message 996 to summarize. In one example, graph 999 can
include a bar graph depicting the foot-pounds of work exerted
during workouts on different days. Other visualizations are
also possible for graphically depicting workout performance
on different occasions. Workout review 997 can also include
message 996, which can include a variety of information,
such as a workout summary, statistics, a motivational phrase,
or the like. For example, message 996 can include a message
indicating that a user exerted a certain amount of work during
a particular workout. In addition, message 996 can include a
motivational message comparing the exerted work to another
application, such as how high a cannonball can be launched
given the amount of work exerted. A variety of other mes-
sages and informational phrases can also be included in mes-
sage 996. Graph 999 can also include a variety of other
information as desired for depicting workout performance
over time.

[0094] It should be understood that the exercise and work-
out reviews illustrated in FIG. 9A and F1G. 9B are examples
of a variety of visualizations that can be provided to a user
based on tracked exercises and workouts. It should likewise
be understood that different types of reviews, graphs, and
visualizations can be used for different exercise types, and
that the metrics and units of measure for different exercises
and workouts can be altered as desired.

[0095] FIG.10 illustrates exemplary muscle heat map 1010
indicating muscles exercised during different workouts. As
with the exercise and workout reviews depicted in FIG. 9A
and FIG. 9B, muscle heat map 1010 can be displayed on a
user device, on a computer monitor, on a web interface, on a
display incorporated into a sensor device, or the like. Like-
wise, muscle heat map 1010 can be generated based on physi-
cal activities and workouts recognized and tracked using a
sensor network as discussed herein. Muscle heat map 1010
can include a map of muscles on a human figure along with a
variety of information correlating particular muscles with
exercises or workouts. In one example, muscle heat map 1010
can graphically illustrate muscles that a user exercised in a
workout based on tracked activities and exercises. A database
can be referenced that correlates particular exercises with
particular muscles to determine which muscle areas should be
highlighted. For example, indicator 1012 can be overlaid on
particular muscles that were exercised in a previous workout,
such as particular leg muscles that were exercised from one or
more leg exercises performed in a previous workout.

[0096] In another exaniple, muscles exercised during dif-
ferent workouts can be depicted on the same muscle heat map.
For example, indicator 1014 can be overlaid on muscles exer-
cised in a recent workout, such as particular arm muscles that
were exercised from one or more arm exercises performed in
a recent workout. [n some examples, muscles emphasized or
highlighted with an indicator can be selected by a user, and
corresponding exercises, fitness logs, workout summaries, or
the like can be displayed indicating why those muscles were
highlighted. In other examples, any muscle can be selected by
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a user, and corresponding exercises or physical activities can
be displayed indicating how those particular muscles can be
exercised.

[0097] Although illustrated using a pattern, indicators 1012
and 1014 can include colors, shading, patterns, texture, ani-
mations, or the like for highlighting exercised muscles. In
addition, indicators 1012 and 1014 can change over time
based on muscle recovery rates, workout intensity, workout
duration, or the like, and such a time-variant display can be
based on information from a database of muscle recovery
times compared to a user’s particular workouts and/or auser’s
personal characteristics. For example, muscles that were
strenuously exercised very recently can be highlighted in red
to indicate, for example, that those muscles are likely still
recovering from the strenuous exercise (e.g., those muscles
are “hot”). In contrast, muscles that were moderately exer-
cised or exercised many days earlier can be highlighted in
green or blue to indicate, for example, that those muscles are
likely mostly recovered from the moderate or more distant
exercise (e.g., those muscles are “cool”).

[0098] Muscle heat map 1010 can also be used to make
suggestions to a user based on workout history and potential
exercises. In one example, muscles that have not been exer-
cised recently can be shaded gray, for example, to indicate
they may be dormant or can be highlighted in yellow, for
example, to indicate that it may be desirable to focus on those
areas given the user’s workout history. Selecting those sug-
gested muscle areas can, in some examples, cause a list of
suggested exercises to be provided to the user for exercising
the highlighted muscle areas. In this manner, muscles
throughout a user’s body can be monitored based on tracked
physical activities, and meaningful suggestions can be pro-
vided for optimizing subsequent workouts to, among other
things, exercise ignored muscle areas, allow for desirable
recovery times for recently exercised muscles, and the like.
Moreover, the visualization provided by muscle heat map
1010 can provide users with motivation and help users set
workout goals (e.g., keep all muscle areas in certain shades,
avoid ignoring certain muscle areas, respect muscle recover
times, etc.).

[0099] It should be understood that many variations are
possible for muscle heat map 1010. For example, the human
figure can be rotatable to allow users to monitor muscles all
around the body. Similarly, the human figure can be tailored
to a particular user’s physical characteristics (e.g., similar
gender, height, and proportions). In some examples, sensors
as discussed herein can be used to detect muscle strain that
can be depicted visually in muscle heat map 1010, or a user
can manually input information about muscle status (e.g.,
muscle soreness, strain, etc.) that can be visually reproduced
in muscle heat map 1010. Still other variations are possible in
collecting information and visually depicting it in muscle
heat map 1010.

[0100] FIG. 11 illustrates an exemplary sensor network
including wrist sensor 1124 and ankle sensor 1122 on diver
1120 to track the diver’s position during a front flip dive. As
mentioned above, the various sensors and devices discussed
herein can be used to recognize, track, and even record in
three dimensions a user’s physical activities. Such physical
activities can include dance routines, exercises, sporting
activities, or the like, including diving. In some examples, the
various sensors discussed herein can be waterproof or other-
wise safely usable in a wet environment. FIG. 11 illustrates
how a sensor network combination of wrist sensor 1124 and
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ankle sensor 1122 can be used to track the body position,
orientation, and the like of diver 1120 for a variety of put-
poses, such as subsequent analysis, entertainment, replaying,
receiving feedback on improving, or the like.

[0101] Although a single ankle sensor 1122 and single
wrist sensor 1124 are shown, it should be understood that
other sensors can also be included in the illustrated sensor
network, such as an addition ankle sensor on the other ankle,
an additional wrist sensor on the other wrist, head sensors,
core sensors, arm sensors, or the like. In some examples,
additional sensors can provide enhanced tracking accuracy.
In addition, although a user device (e.g., a smartphone) is not
shown, it should be understood that a user device (which can
be waterproof in some examples) can also be worn by diver
1120 in an armband or the like (which can also provide
waterproof protection for the device). In other examples,
however, a user device in communication with ankle sensor
1122 and wrist sensor 1124 can be located nearby (e.g., onthe
pool deck), and the user device and sensors can include a
communication means with sufficient range so as to allow the
sensors to provide sensor data to the user device without diver
1120 carrying the user device during the dive (e.g., Bluteooth,
Wi-Fi, RF, or other communication means with sufficient
range).

[0102] In still other examples, ankle sensor 1122 and wrist
sensor 1124 can include memories that can record sensor data
during the dive. The recorded data in the memories can then
be transmitted to a user device at a later time. For example,
ankle sensor 1122 and wrist sensor 1124 can record sensed
data throughout the dive, and the recorded data can be trans-
ferred to a user device after diver 1120 exits the pool and the
sensors are positioned sufficiently near the user device for
communication (e.g., within communication range). The user
device can receive the recorded data and process it to provide
the desired information to the user, such as a three-dimen-
sional recording of the dive.

[0103] Ankle sensor 1122 and wrist sensor 1124 can
include a variety of sensors as discussed above that can enable
tracking of a variety of information, such as the distance
between the sensors, the relative position of the sensors com-
pared to a fixed reference (e.g., the ground, a magnetic pole,
a starting position, etc.), the movement of the sensors in three
dimensional space, the angular acceleration of the sensors,
the angle of the wrist relative to a fixed reference, the angle of
the ankle relative to a fixed reference, or the like. Other
sensors can also be included for tracking other data, such as
the diver’s heart rate, the environmental temperature, the
humidity, and the like.

[0104] During the dive, ankle sensor 1122 and wrist sensor
1124 can detect motion information and other data sufficient
to map the path of the diver in three-dimensional space.
Beginning at position 1130, ankle sensor 1122 and wrist
sensor 1124 can detect (or sensed data can be used to infer)
that the ankle is below the wrist, that they are spaced apart
such that the diver’s arm is raised above the chest (e.g., based
on prior data collected while walking or performing a training
or calibration sequence to determine expected hand positions,
user height, etc.), and that the wrist is quickly moving down-
ward in an arc. At position 1131, ankle sensor 1122 and wrist
sensor 1124 can detect that the sensors are close together to
infer that the body is bent as well as detect that both sensors
are moving in a clockwise arc at a similar velocity. At position
1132, the sensors are brought even closer together, and the
sensed data can enable a determination that diver 1120 is
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more tightly bent or crouched tightly. The detected clockwise
arc motion is continued at position 1133, and ankle sensor
1122 and wrist sensor 1124 can detect that total forward
movement has been greater than rearward movement, such
that it can be determined that diver 1120 has traveled forward
in space as illustrated.

[0105] At position 1134, ankle sensor 1122 and wrist sen-
sor 1124 can detect that the distance between the devices is
increasing, such that it can be determined that diver 1120 is
releasing out of the crouched or bent position. In addition, it
can be detected that both sensors are moving downward, and
that the wrist sensor is below the ankle sensor, such that it can
be determined that diver 1120 is in a head-first dive compared
to the feet-first starting position. At position 1135, ankle
sensor 1122 and wrist sensor 1124 can detect a maximum
separation between the devices, such that it can be determined
thatdiver 1120 has his hands outstretched well above his head
and his legs pointed straight. For example, the diver’s height
and expected arm length can be determined from a calibration
sequence prior to the dive, so the diver’s stance at position
1135 can be determined based on the limits of arm and leg
length. Subsequent to position 1135, in some examples, the
sensors can detect entry into the water at different times,
which can suggest a location of the water relative to the
starting position as well as confirm the deceleration sensed as
the diver enters the water and slows from free fall.

[0106] Insome examples, the position of the diver’s core or
head can be indeterminate based on ankle and wrist sensor
data alone. In such instances, analysis software can infer from
the data the most likely stance or position of the diver based,
for example, on models accounting for the typical limits of
human movement (e.g., limits of bending). In other examples,
software can offer a user various possibilities and selectable
options for resolving any ambiguities while reviewing the
recorded data. In addition, as mentioned above, additional
sensors can be provided as desired to improve resolution and
the ability of analysis software to determine a user’s stance
and movements (e.g., head sensors, core sensors, etc.).
[0107] The three-dimensional recording illustrated in FIG.
11 can be provided to a user in a variety of ways for analysis
and activity tracking, such as in an animation (e.g., a virtual
playback), a time-stop or stop-motion image similar to FIG.
11, or the like. Subsequent repetitions of the same or a similar
activity can also be compared to monitor improvement. For
example, data from subsequent dives can be compared to the
data corresponding to FIG. 11 to compare the diver’s form,
timing, path traveled, and the like. Although the example ofa
front flip dive has been described. it should be understood that
suich activity monitoring and tracking can be performed for a
variety of other physical activities with a variety of sensor
combinations as desired.

[0108] FIG. 12 illustrates exemplary process 1200 for
determining an exercise being performed by a user from
sensor information. At block 1201, sensor information can be
received from a first sensor worn by a user on a first body part.
The first sensor can include any of the sensors in any of the
placements discussed herein. For example, the first sensor can
include an ankle sensor, a wrist sensor, a headphone sensor,
an armband sensor, a shoe sensor, a sensor in a smartphone, a
sensor in a media player, or the like. A user can indicate the
placement of the sensor via an app on a user device, via an
interface element on the sensor device, or the like. In one
example, the placement of the sensor can be automatically
determined from recognized movements during, for example,
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acalibration or training period (e.g., recognizing typical wrist
motions, arm motions, foot motions, head motions, or the like
while a user is walking).

[0109] Sensor information received at block 1201 can
include any of a variety of sensed information discussed
herein. For example, sensor information can include motion
information from accelerometers, gyroscopes, or the like.
Sensor information can also include positional information,
such as GPS data, magnetometer readings, or the like. Sensor
information can also include various other sensor readings
and data as discussed herein.

[0110] At block 1203, sensor information can be received
from a second sensor worn by the user on a second body part.
As with the first sensor, the second sensor can include any of
the sensors in any of the placements discussed herein. For
example, the second sensor can include an ankle sensor, a
wrist sensor, a headphone sensor, an armband sensor, a shoe
sensor, a sensor in a smartphone, a sensor in a media player,
or the like. In some examples, the second sensor can be
positioned on a different body part type than the first sensor.
For example, if the first sensor is a shoe, foot, or ankle sensor,
the second sensor can be positioned on a user’s wrist, arm,
hip, head, or the like. In other examples, however, sensors on
both ankles, both shoes, both wrists, both arms, or the like can
be used.

[0111] As with the first sensor, sensor information received
at block 1203 can include any of a variety of sensed informa-
tion discussed herein. In some examples, the first and second
sensors can work in a coordinated manner to provide sensor
data relative to one another. For example, the first and second
sensors can provide a distance between the two sensors, rela-
tive angles between the two sensors, relative orientations
between the two sensors, or the like.

[0112] At block 1205, an exercise being performed by the
user can be determined based on the sensor information
received from the first and second sensors. For example,
sensor information received from the first and second sensors
can be used to determine that a user is performing jumping
jacks, sit-ups, chin ups, pull ups, dips, lateral pull-downs,
overhead shoulder presses, bent-over barbell rows, bent-over
dumbbell rows, upright rows, cable rows, barbell bench
presses, dumbbell bench presses, pushups, squats, lunges,
deadlifts, power cleans, back extensions, or the like. In some
examples, the received sensor information can be compared
to a database of recognized exercise types to automatically
determine which exercise the user is performing (in some
examples, without any other input from the user). The user’s
prior exercise history and recognized movements can also be
used to determine which exercise the user is likely performing
(e.g., recognizing that previously recognized or identified
exercises can be more likely). In some examples, users can
perform new motions or exercises not yet in the database
(e.g., not yet automatically recognizable) and provide for
future recognition of the new motions or exercises. For
example, a user can perform a motion and manually identify
the associated exercise or a name for the performed motion
(e.g., an unrecognized martial arts movement). A user device,
server, or the like can store the sensor information received
while the user performed the motion and compare future
movements to the stored information to automatically recog-
nize the identified exercise or named motion in the future.
[0113] In some examples, the recognized exercise can be
recorded and tracked as part of a fitness log or workout
history. A variety of information can be recorded and associ-
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ated with a recognized exercise. For example, the number of
repetitions, the duration, the acceleration, the date, the time of
day, or the like can be recorded for a recognized exercise.
Different exercises can also be recognized and recorded to
track an entire workout, such as monitoring and recording all
sets and all repetitions of different exercises during a work-
out. The recorded information can be used to display com-
parisons, progress, performance, and other information. In
some examples, exercise summaries, workout summaries,
muscle heat maps, and the like can be generated and dis-
played based on the recognized exercises and recorded exer-
cise information.

[0114] FIG. 13 illustrates exemplary process 1300 for
determining the motions of a user through three-dimensional
space from sensor information. Such three-dimensional
motion recording can be used to track a variety of user
motions for subsequent review, analysis, tracking, or the like.
For example, a user’s dance routine, martial arts routine,
gymnastics routine, dive, ski jump, trampoline activity, golf
swing, bat swing, basketball shot, running form, various other
sports motions, various other performance motions, various
other exercise activity motions, and the like can be monitored
and recorded for subsequent analysis, for entertainment, for
progress tracking, for record-keeping, for a fitness log, or the
like.

[0115] At block 1301, sensor information can be received
from a first sensor worn by a user on a first body part. The first
sensor can include any of the sensors in any of the placements
discussed herein, and sensor information received at block
1301 can include any of a variety of sensed information
discussed herein.

[0116] At block 1303, sensor information can be received
from a second sensor worn by the user on a second body part.
As with the first sensor, the second sensor can include any of
the sensors in any of the placements discussed herein, and
sensor information received at block 1303 can include any of
a variety of sensed information discussed herein. In some
examples, the first and second sensors can work in a coordi-
nated manner to provide sensor data relative to one another.
For example, the first and second sensors can provide a dis-
tance between the two sensors, relative angles between the
two sensors, relative orientations between the two sensors, or
the like.

[0117] At block 1305, motions of the user through three-
dimensional space can be determined based on the sensor
information from the first and second sensors. For example,
sensor information received from the first and second sensors
canbe used to determine that a user is spinning during a dance
routine, performing a front flip during a dive, kicking at a
certain height during a martial arts routine, traveling at a
certain rate across a floor mat during a gymnastic routine,
swinging an arm at an odd angle during a golf swing, or any
of a variety of other motions through three-dimensional
space. In some examples, sufficient data can be gathered from
the sensors to map the movement of a user’s body through
three-dimensional space over time, such as, for example,
mapping the movement of a user’s body in three-dimensional
space throughout a dive (e.g., using three-dimensional coor-
dinates, tracking displacement through three-dimensional
space, etc.).

[0118] In some examples, a user can wear additional sen-
sors on other body parts, and the additional sensor informa-
tion can allow for enhanced resolution, detail, or accuracy in
the recognized motions through three-dimensional space. For
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example, while the position of a user’s head can be inferred
from the limits of human motion, in some examples a more
detailed record of head movements can be desirable. In such
an instarice, one or more head sensors can be worn by the user
(e.g., in headphones, a headband, earrings, or the like). The
sensed information from the head sensor or head sensors can
then be used to more accurately determine the motion of the
user’s head while also determining the motions of the rest of
the user’s body. Additional sensors can likewise be worn on
other portions of the body for more accurate tracking as
desired. For example, for detailed tracking of arm movements
in a punching motion, multiple sensors can be worn on a
user’s arm (e.g., near the shoulder, at the elbow, at the wrist,
on the hand, etc.). In other examples, multiple sensors can be
placed in other positions on a user’s body to improve accuracy
as desired.

[0119] One or more of the functions described above relat-
ing to receiving and processing sensor information can be
performed by a system similar or identical to system 1400
shown in FIG. 14. System 1400 can include instructions
stored ina non-transitory computer readable storage medium,
such as memory 1403 or storage device 1401, and executed
by processor 1405. The instructions can also be stored and/or
transported within any non-transitory computer readable
storage medium for use by or in connection with an instruc-
tion execution system, apparatus, or device, such as a com-
puter-based system, processor-containing system, or other
system that can fetch the instructions from the instruction
execution system, apparatus, or device and execute the
instructions. In the context of this document, a “non-transi-
tory computer readable storage medium” can be any medium
that can contain or store the program for use by or in connec-
tion with the instruction execution system, apparatus, or
device. The non-transitory computer readable storage
medium can include, but is not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconduc-
tor system, apparatus or device, a portable computer diskette
(magnetic), a random access memory (RAM) (magnetic), a
read-only memory (ROM) (magnetic), an erasable program-
mable read-only memory (EPROM) (magnetic), a portable
optical disc such as CD, CD-R, CD-RW, DVD, DVD-R, or
DVD-RW, or flash memory such as compact flash cards,
secured digital cards, USB memory devices, memory sticks,
and the like.

[0120] The instructions can also be propagated within any
transport medium for use by or in connection with an instruc-
tion execution system, apparatus, or device, such as a com-
puter-based system, processor-containing system, or other
system that can fetch the instructions from the instruction
execution system, apparatus, or device and execute the
instructions. In the context of this document, a “transport
medium” can be any medium that can communicate, propa-
gate, or transport the program for use by or in connection with
the instruction execution system, apparatus, or device. The
transport medium can include, but is not limited to, an elec-
tronic, magnetic, optical, electromagnetic, or infrared wired
or wireless propagation medium.

[0121] System 1400 can further include touch sensitive
display 1407 coupled to processor 1405 for detecting touch
and displaying information. It is to be understood that the
system is not limited to the components and configuration of
FIG. 14, but can include other or additional components in
multiple configurations according to various examples. Addi-
tionally, the components of system 1400 can be included
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within a single device, or can be distributed between multiple
devices. In some examples, processor 1405 can be located
within touch sensitive display 1407.

[0122] FIG. 15 illustrates exemplary smartphone 1500 that
can receive and process sensor information according to vari-
ous examples herein. In some examples, smartphone 1500
can include touchscreen 1502 for detecting touch and dis-
playing information.

[0123] FIG. 16 illustrates exemplary media player 1600
that can receive and process sensor information according to
various examples herein. In some examples, media player
1600 can include touchscreen 1502 for detecting touch and
displaying information.

[0124] FIG. 17 illustrates exemplary wristwatch 1700 that
can receive and process sensor information according to vari-
ous examples herein. In some examples, wristwatch 1700 can
include touchscreen 1502 for detecting touch and displaying
information. Wristwatch 1700 can also include watch strap
1704 for securing wristwatch 1700 to a user’s wrist. In some
examples, wristwatch 1700 can include a variety of sensors as
discussed herein and can function in a sensor network in
conjunction with a user device, such as smartphone 1500 of
FIG. 15.

[0125] FIG. 18 illustrates exemplary tablet computer 1800
that can receive and process sensor information according to
various examples herein. In some examples, tablet computer
1800 can include touchscreen 1502 for detecting touch and
displaying information.

[0126] Therefore, according to the above, some examples
of the disclosure are directed to a sensor network comprising:
a first sensor capable of being secured proximate to a first part
of a body of a user; a second sensor capable of being secured
proximate to a second part of the body of the user; and a user
device capable of receiving sensor information from the first
and second sensors and determining a physical activity of the
user based on the sensor information. Additionally or alter-
natively to one or more of the examples disclosed above, in
some exaniples the physical activity of the user comprises an
exercise performed by the user. Additionally or alternatively
to one or more of the examples disclosed above, in some
examples the physical activity of the user comprises a stance
of the user. Additionally or alternatively to one or more of the
examples disclosed above, in some examples the physical
activity of the user comprises motions of the user through
three-dimensional space. Additionally or alternatively to one
or more of the examples disclosed above, in some examples
the first sensor comprises a wrist sensor; and the wrist sensor
is capable of generating sensor information comprising data
indicating movement of a wrist of the user. Additionally or
alternatively to one or more of the examples disclosed above,
in some examples the second sensor comprises an ankle sen-
sor or a shoe sensor; and the ankle sensor or the shoe sensor is
capable of generating sensor information comprising data
indicating movement of an ankle or a foot of the user.
[0127] According to the above, other examples of the dis-
closure are directed to a method for sensing a physical activity
of a user, comprising: receiving a first signal from a first
sensor proximate to a first body part ofa user, wherein the first
signal includes first information about the first body part;
receiving a second signal from a second sensor proximate to
a second body part of the user, wherein the second signal
includes second information about the second body part; and
determining a physical activity of the user based on the
received first and second signals. Additionally or alternatively
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to one or more of the examples disclosed above, in some
examples determining the physical activity of the user com-
prises: determining an exercise of the user; wherein the first
information comprises at least one of a position or a motion of
the first body part; and wherein the second information com-
prises at least one of a position or a motion of the second body
part. Additionally or alternatively to one or more of the
examples disclosed above, in some examples determining the
physical activity of the user comprises: determining a motion
of the user through three-dimensional space; wherein the first
information comprises a displacement through three-dimen-
sional space of the first body part; and wherein the second
information comptrises a displacement through three-dimen-
sional space of the second body part. Additionally or alterna-
tively to one or more of the examples disclosed above, in
some examples determining the physical activity of the user
comprises: determining a stance of the user; wherein the first
information comprises a position of the first body part; and
wherein the second information comprises a position of the
second body part. Additionally or alternatively to one or more
of the examples disclosed above, in some examples determin-
ing the physical activity of the user comprises: comparing the
first information and the second information to a database to
determine an exercise being performed by the user, wherein
the database comprises one or more exercises correlated with
expected sensor information. Additionally or alternatively to
one or more of the examples disclosed above, in some
examples the method for sensing a physical activity of a user
further comprises: recording a number of repetitions of the
determined exercise performed by the user. Additionally or
alternatively to one or more of the examples disclosed above,
in some examples the method for sensing a physical activity
of a user further comprises: causing a fitness log to be dis-
played, wherein the fitness log comprises a graph reflecting
the recorded number of repetitions of the determined exercise
performed by the user.

[0128] According to the above, other examples of the dis-
closure are directed to a user device comprising: a receiver
capable of receiving a first signal from a first sensor worn on
a first body part of a user and a second signal from a second
sensor worn on a second body part of the user, the first and
second signals indicating sensor information about the first
and second body parts; and a processor capable of analyzing
the first and second signals to determine a physical activity of
the user. Additionally or alternatively to one or more of the
examples disclosed above, in some examples the sensor infor-
mation indicates a movement of the first body part through
three-dimensional space and a movement of the second body
part through three-dimensional space; and wherein the user
device is capable of recording the movement of the first body
part through three-dimensional space and the movement of
the second body part through three-dimensional space. Addi-
tionally or alternatively to one or more of the examples dis-
closed above, in some examples the user device is further
capable of causing to be displayed a virtual playback of the
recorded movement of the first body part through three-di-
mensional space and the recorded movement of the second
body part through three-dimensional space. Additionally or
alternatively to one or more of the examples disclosed above,
in some examples the receiver is further capable of receiving
a third signal from a third sensor worn on a third body part of
the user, the third signal indicating sensor information about
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the third body part; and the sensor information about the third
body part indicates a movement of the third body part through
three-dimensional space.

[0129] According to the above, other examples of the dis-
closure are directed to a sensor network comprising: multiple
sensors capable of being secured proximate to different body
parts of a user, the sensors capable of sensing information
about the different body parts; and a processor capable of
receiving the sensed information about the different body
parts from the multiple sensors and determining a physical
activity of the user based on the sensed information. Addi-
tionally or alternatively to one or more of the examples dis-
closed above, in some examples the sensed information indi-
cates movements of the different body parts through three-
dimensional space; and the processor is capable of causing to
be recorded the movements of the different body parts
through three-dimensional space. Additionally or alterna-
tively to one or more of the examples disclosed above, in
some examples the processor is further capable of causing to
be displayed a virtual playback of the recorded movements of
the different body parts through three-dimensional space.

[0130] According to the above, other examples of the dis-
closure are directed to a method comprising: receiving sensor
information from a first sensor device worn by auser on a first
body part; receiving sensor information from a second sensor
device worn by the user on a second body part; determining an
exercise being performed by the user based on the sensor
information from the first and second sensors; and storing a
number of repetitions of the determined exercise performed
by the user. Additionally or alternatively to one or more of the
examples disclosed above, in some examples the method
further comprises: determining muscles exercised based on
the determined exercise performed by the user; and causing to
be displayed a muscle heat map, wherein the muscle heat map
comprises a display of multiple muscles of a body, and
wherein the muscle heat map graphically indicates which
muscles of the multiple muscles were determined to have
been exercised. Additionally or alternatively to one or more of
the examples disclosed above, in some examples the method
further comprises: causing a display of the first sensor device
to be enabled based on the received sensor information from
the first sensor device comprising data indicating amovement
of the first sensor device toward a face of the user. Addition-
ally or alternatively to one or more of the examples disclosed
above, in some examples the method further comprises: caus-
ing a vibrator of the first sensor device to vibrate based on the
received sensor information from the first sensor device com-
prising data indicating one or more of completion of a set of
exercise repetitions, an exercise pace being outside a desig-
nated range, reaching an extreme limit of an exercise motion,
or a heart rate of the user being outside a designated range.
Additionally or alternatively to one or more of the examples
disclosed above, in some examples the method further com-
prises: receiving data from a communication tag associated
with a piece of exercise equipment; and storing the received
data with the stored number of repetitions of the determined
exercise performed by the user.

[0131] According to the above, other examples of the dis-
closure are directed to a sensor network comprising: a sensor
capable of being secured proximate to a part of a body of a
user; and a user device capable of receiving sensor informa-
tion from the sensor and determining a physical activity of the
user based on the sensor information.
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[0132] Although examples have been fully described with
reference to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to
those skilled in the art. Such changes and modifications are to
be understood as being included within the scope of the
various examples as defined by the appended claims.

1. A sensor network comprising;

a first sensor capable of being secured proximate to a first

part of a body of a user;

a second sensor capable of being secured proximate to a

second part of the body of the user; and

auser device capable of receiving sensor information from

the first and second sensors and determining a physical
activity of the user based on the sensor information.

2. The sensor network of claim 1, wherein the physical
activity of the user comprises an exercise performed by the
user.

3. The sensor network of claim 1, wherein the physical
activity of the user comprises a stance of the user.

4. The sensor network of claim 1, wherein the physical
activity of the user comprises motions of the user through
three-dimensional space.

5. The sensor network of claim 1, wherein the first sensor
comprises a wrist sensor; and

wherein the wrist sensor is capable of generating sensor

information comprising data indicating movement of a
wrist of the user.

6. The sensor network of claim 1, wherein the second
sensor comprises an ankle sensor or a shoe sensor; and

wherein the ankle sensor or the shoe sensor is capable of

generating sensor information comprising data indicat-
ing movement of an ankle or a foot of the user.

7. A method for sensing a physical activity of a user, com-
prising:

receiving a first signal from a first sensor proximate to a

first body part of a user, wherein the first signal includes
first information about the first body part;

receiving a second signal from a second sensor proximate

to a second body part of the user, wherein the second
signal includes second information about the second
body part; and

determining a physical activity of the user based on the

received first and second signals.

8. The method of claim 7, wherein determining the physi-
cal activity of the user comprises:

determining an exercise of the user;

wherein the first information comprises at least one of a

position or a motion of the first body part; and

wherein the second information comprises atleast one of a

position or a motion of the second body part.

9. The method of claim 7, wherein determining the physi-
cal activity of the user comprises:

determining a motion of the user through three-dimen-

sional space;

wherein the first information comprises a displacement

through three-dimensional space of the first body part;
and

wherein the second information comprises a displacement

through three-dimensional space of the second body
part.
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10. The method of claim 7, wherein determining the physi-
cal activity of the user comprises:

determining a stance of the user;

wherein the first information comprises a position of the
first body part; and

wherein the second information comprises a position of the
second body part.

11. The method of claim 7, wherein determining the physi-

cal activity of the user comprises:

comparing the first information and the second information
to a database to determine an exercise being performed
by the user, wherein the database comprises one or more
exercises correlated with expected sensor information.

12. The method of claim 11, further comprising:

recording a number of repetitions of the determined exer-
cise performed by the user.

13. The method of claim 12, further comprising:

causing a fitness log to be displayed, wherein the fitness log
comprises a graph reflecting the recorded number of
repetitions of the determined exercise performed by the
user.

14. A user device comprising:

a receiver capable of receiving a first signal from a first
sensor worn on a first body part of a user and a second
signal from a second sensor worn on a second body part
of the user, the first and second signals indicating sensor
information about the first and second body parts; and

a processor capable of analyzing the first and second sig-
nals to determine a physical activity of the user.

15. The user device of claim 14, wherein the sensor infor-
mation indicates a movement of the first body part through
three-dimensional space and a movement of the second body
part through three-dimensional space; and

wherein the user device is capable of recording the move-
ment of the first body part through three-dimensional
space and the movement of the second body part through
three-dimensional space.

16. The user device of claim 15, wherein the user device is
further capable of causing to be displayed a virtual playback
of the recorded movement of the first body part through
three-dimensional space and the recorded movement of the
second body part through three-dimensional space.

17. The user device of claim 14, wherein the receiver is
further capable of receiving a third signal from a third sensor
worn on a third body part of the user, the third signal indicat-
ing sensor information about the third body part; and

wherein the sensor information about the third body part
indicates a movement of the third body part through
three-dimensional space.

18. A sensor network comprising:

multiple sensors capable of being secured proximate to
different body parts of a user, the sensors capable of
sensing information about the different body parts; and

a processor capable of receiving the sensed information
about the different body parts from the multiple sensors
and determining a physical activity of the user based on
the sensed information.

19. The sensor network of claim 18, wherein the sensed
information indicates movements of the different body parts
through three-dimensional space; and

wherein the processor is capable of causing to be recorded
the movements of the different body parts through three-
dimensional space.
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20. The sensor network of claim 19, wherein the processor
is further capable of causing to be displayed a virtual play-
back of the recorded movements of the different body parts
through three-dimensional space.

21. A method comprising:

receiving sensor information from a first sensor device

worn by a user on a first body part;

receiving sensor information from a second sensor device

worn by the user on a second body part;

determining an exercise being performed by the user based

on the sensor information from the first and second
sensors; and

storing a number of repetitions of the determined exercise

performed by the user.

22. The method of claim 21, further comprising:

determining muscles exercised based on the determined

exercise performed by the user; and

causing to be displayed a muscle heat map, wherein the

muscle heat map comprises a display of multiple
muscles of a body, and wherein the muscle heat map
graphically indicates which muscles of the multiple
muscles were determined to have been exercised.
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23. The method of claim 21, further comprising:

causing a display of the first sensor device to be enabled
based on the received sensor information from the first
sensor device comprising data indicating a movement of
the first sensor device toward a face of the user.

24. The method of claim 21, further comprising:

causing a vibrator of the first sensor device to vibrate based
on the received sensor information from the first sensor
device comprising data indicating one or more of
completion of a set of exercise repetitions, an exercise
pace being outside a designated range, reaching an
extreme limit of an exercise motion, or a heart rate of the
user being outside a designated range.

25. The method of claim 21, further comprising:

receiving data from a communication tag associated with a
piece of exercise equipment; and

storing the received data with the stored number of repeti-
tions of the determined exercise performed by the user.

26. (canceled)
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