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DATA-CAPABLE BAND FOR MEDICAL DIAGNOSIS, MONITORING, AND
TREATMENT

FIELD
The present invention relates generally to electrical and clectronic hardware, computer software,
wired and wireless network communications, and computing devices. More specifically,
techniques for a data-capable personal worn or carried device for medical diagnosis, monitoring,
and trcatment, arc described.
BACKGROUND

With the advent of greater computing capabilitics in smaller personal and/or portable
form factors and an increasing number of applications (i.c., computer and Internet softwarce or
programs) for different uses, consumers (i.c., uscrs) have access to large amounts of personal
data. Information and data arc often readily available, but poorly captured using conventional
data capture devices. Conventional devices typically lack capabilitics that can capture, analyze,
communicate, or usc data in a contextually-meaningful, comprehensive, and efficicnt manner.
Further, conventional solutions are often limited to specific individual purposcs or uses,
demanding that users invest in multiple devices in order to perform different activities (e.g., a
sports watch for tracking time and distance, a GPS receiver for monitoring a hike or run, a
cyclometer for gathering cycling data, and others). Although a wide range of data and
information is available, conventional devices and applications fail to provide cffective solutions
that comprechensively capture data for a given user across numerous disparatc activitics.

Somc conventional solutions combine a small number of discrete functions.
Functionality for data capture, processing, storage, or communication in conventional devices
such as a watch or timer with a heart rate monitor or global positioning system (“GPS™) receiver
are available conventionally, but arc expensive to manufacture and purchase. Other conventional
solutions for combining personal data capture facilitics often present numcrous design and
manufacturing problems such as sizc restrictions, specialized matenals requirements, lowered
tolerances for defects such as pits or holes in coverings for water-resistant or waterproof devices,
unrcliability, higher failure rates, increased manufacturing time, and expense. Subscquently,
conventional devices such as fitness watches, heart ratc monitors, GPS-enabled fitness monitors,

health monitors (c.g., diabetic blood sugar testing units), digital voice recorders, pedometers,
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altimeters, and other conventional personal data capture devices are generally manufactured for
conditions that occur in a single or small groupings of activitics.
Generally, if the number of activitics performed by conventional personal data
capturc devices increases, there is a corresponding risc in design and manufacturing requircments
5  that results in significant consumer expense, which eventually becomes prohibitive to both
investment and commercialization, Further, conventional manufacturing techniques are often
limited and incffective at mecting increased requirements to protect sensitive hardware, circuitry,
and other components that arc susceptible to damage, but which are required to perform various
personal data capture activitics. As a conventional example, sensitive electronic components
10 such as printed circuit board assemblies (“PCBA™), sensors, and computcr memory (hercafter
“memory”) can be significantly damaged or destroyed during manufacturing processes where
overmoldings or layering of protective material occurs using techniques such as injection
molding, cold moiding, and others. Damaged or destroyed items subsequently raises the cost of
goods sold and can dcter not only investment and commercialization, but also innovation in data
15 capture and analysis technologics, which are highly compelling ficlds of opportunity.
Thus, what is nceded is a solution for data capture devices without the limitations of
conventional techniques.
BRIEF DESCRIPTION OF THE DRAWINGS
Various embodiments or examples (“examples™) are disclosed in the following detailed
20 description and thc accompanying drawings:
FIG. 1 illustratcs an cxemplary data-capable band system;
FIG. 2 illustratcs a block diagram of an exemplary data-capable band;
FIG. 3 illustratcs scnsors for use with an exemplary data-capable band;
FIG. 4 illustrates an application architecture for an exemplary data-capable band;
25 FIG. 5A illustrates representative data types for use with an exemplary data-capable
band;
FIG. 5B illustrates represcntative data types for usc with an excmplary data-capable band
in fitness-related activitics;
FIG. 5C illustrates representative data types for use with an exemplary data-capable band
30 insleccp management activitics;
FIG. 5D illustratcs representative data types for use with an cxcmplary data-capable band
in medical-related activities;
FIG. 6 illustrates a transition between modes of operation of a band in accordance with

various embodiments;
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FIG. 7A illustrates a perspective view of an cxemplary data-capable band;
FIG. 7B illustrates a side view of an cxcmplary data-capable band;
FIG. 8A illustrates a perspective view of an exemplary data-capable band;
FIG. 8B illustratcs a sidc view of an cxcmplary data-capablc band;
5 FIG. 9A illustrates a perspective view of an exemplary data-capable band;
FIG. 9B illustrates a side view of an exemplary data-capable band;
FIG. 10 illustrates an exemplary computer system suitable for use with a data-capable
band;
FIG. 11 depicts a representative implementation of onc¢ or more bands and equivalent

10 devices, as wearable devices, to form unique motion profiles, according to various embodiments;
and

FIGS. 12 and 13 are diagrams representing examples of networks formed using one or
more bands, according to some cmbodiments.
DETAILED DESCRIPTION

15 Various embodiments or examples may be implemented in numerous ways,
including as a system, a proccess, an apparatus, a uscr interface, or a scrics of program
instructions on a computer readable medium such as a computer readable storage medium or a
computer network where the program instructions are sent over optical, electronic, or wireless
communication links. In general, operations of disclosed processes may be performed in an

20 arbitrary order, unless othcrwise provided in the claims.

A dctailed description of one or more cxamplcs is provided below along with
accompanying figurcs. The detailed description is brovidcd in connection with such examples,
‘but is not limited to any particular cxample. The scope is limited only by the claims and
numerous alternatives, modifications, and cquivalents arc encompassed. Numerous specific

25  derails are sct forth in the following description in order to provide a thorough understanding.
These details are provided for the purpose of example and the described techniques may be
practiced according to the claims without some or all of these specific details. For clarity,
technical matcrial that is known in the technical ficlds related to the cxamples has not been
described in detail to avoid unnccessarily obscuring the descniption.

30 FIG. 1 illustrates an cxemplary data-capable band system. Here, system 100 includes
nctwork 102, bands 104-112, scrver 114, mobilc computing device 116, mobilc communications
device 118, computer 120, laptop 122, and distributed scnsor 124. Bands 104-112 may be
implemented as data-capable devices that may be worn as a strap or band around an arm, leg,

ankle, or other bodily appendage or feature. In other examples, bands 104-112 may be attached
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dircctly or indirectly to other items, organic or inorganic, animate, or static. In still other
cxamples, bands 104-112 may be uscd differently.

As described above, bands 104-112 may be implemented as wearable personal data or
data capturc devices (c.g., data-capable devices) that arc worn by a uscr around a wrist, anklc,
arm, ear, or other appendage, or attached to the body or affixed to clothing. One or more
facilitics, sensing clements, or scnsors, both active and passive, may be implemented as part of
bands 104-112 in order to capture various types of data from different sources. Temperature,
environmental, temporal, motion, clectronic, clectrical, chemical, or other types of sensors
(including those described below in conncection with FIG. 3) may be used in order to gather
varying amounts of data, which may be configurable by a user, locally {e.g., using user interface
facilities such as buttons, switches, motion-activated/dctected command structures (c.g.,
accelerometer-gathered data from user-initiated motion of bands 104-112), and others) or
remotely (c.g., entering rules or parameters in a website or graphical user interface (“GUI™) that
may be used to modify control systems or signals in firmware, circuitry, hardware, and software
implemented (i.c., installed) on bands 104-112). Bands 104-112 may also be implemented as
data-capable devices that are configured for data communication using various types of
communications infrastructure and media, as described in greater detail below. Bands 104-112
may also be wearable, personal, non-intrusive, lightweight devices that are configured to gather
large amounts of personally relevant data that can be used to improve user health, fitness levels,
medical conditions, athlctic performance, slecping physiology, and physiological conditions, or
uscd as a scnsory-based user interface (“UI”) to signal social-related notifications specifying the
state of the uscr through vibration, hcat, lights or other sensory based notifications. For example,
a social-related notification signal indicating a user is on-line can be transmitted to a recipicnt,
who in turn, receives the notification as, for instance, a vibration,

Using data gathered by bands 104-112, applications may be used to perform various
analyses and cvaluations that can generate information as to a person’s physical (e.g., healthy,
sick, weakened, activity level, or other states), cmotional, or mental state (¢.g., an clevated body
temperature or heart ratc may indicate stress, a lowered heart rate and skin temperature, or
reduced movement (c.g., cxcessive sleeping), may indicate physiological depression caused by
cxertion or other factors, chemical data gathered from cvaluating out-gassing from the skin’s
surfacc may be analyzed to determine whether a person’s dict is balanced or if various nutricnts
are lacking, salinity detectors may be evaluated to determine if high, lower, or proper blood sugar
levels are present for diabetes management, and others). Generally, bands 104-112 may be

configured to gather from sensors locally and remotely.
4
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As an cxample, band 104 may capture {i.c., record, store, communicate (i.c., send or
receive), process, or the like) data from various sources (i.c., sensors that are organic (i.c.,
installed, integrated. or otherwise implemented with band 104) or distributed (c.g., microphoncs
on mobilc computing device 116, mobilc comimunications device 118, computer 120, laptop 122,
5  distributed sensor 124, global positioning system (“GPS™) satellites, or others, without

limitation)) and exchange data with one or more of bands 106-112, scrver |14, mobile computing
device 116, mobile communications device 118, computer 120, laptop 122, and distributed
scnsor 124. As shown here, a local sensor may be one that is incorporated, integrated, or
otherwise implemented with bands 104-112. A remote or distributed sensor (e.g., mobile

10 computing device 116, mobile communications device 118, computer 120, laptop 122, or,
gencrally, distributed sensor 124) may be scensors that can be accessed, controlled, or otherwise
used by bands 104-112. For example, band 112 may be configured to control devices that are
also controlled by a given user (c.g., mobilc computing device 116, mobile communications
device 118, computer 120, laptop 122, and distributed sensor 124). For cxample, a microphone

15 in mobile communications device 118 may be used to detect, for example, ambient audio data
that is uscd to help identify a person’s location, or an car clip (¢.g., a headsct as described below)
affixed to an ear may be used to record pulsc or blood oxygen saturation levels. Additionally, a
sensor implemented with a screen on mobile computing device 116 may be used to read a user’s
temperature or obtain a biomctric signature while a user is interacting with data. A further

20 cxamplc may includc using data that is observed on computer 120 or laptop 122 that provides
information as to a uscr’s online behavior and the type of content that she i1s viewing, which may
be uscd by bands 104-112. Rcgardless of the type or location of sensor used, data may be
transferred to bands 104-112 by using, for cxample, an analog audio jack, digital adapter (e.g.,
USB, mini-USB), or other, without limitation, plug, or other type of conncctor that may be used

25 to physically couple bands 104-112 to another device or system for transferring data and, in some
examples, to provide power to recharge a battery (not shown). Alternatively, a wircless data
communication interface or facility (¢.g., a wircless radio that is configured to communicate data
from bands 104-112 using onc or morc data communication protocols (¢.g., IEEE 802.11a/b/g/n
(WiFi), WiMax, ANT™  ZigBcece®, Bluctooth®, Near Ficld Communications (“NFC”), and

30  others)) may be used to receive or ransfer data. Further, bands 104-112 may be configured to
analyzc, cvaluate, modify, or othcrwisc usc data gathered, cither dircctly or indircctly.

In some examples, bands 104-112 may be configurcd to share data with cach other or

with an intcrmediary facility, such as a database, website, web service, or the like, which may be

implemented by server 114. In some embodiments, server 114 can be operated by a third party
5
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providing, for cxample, social media-related services. Bands 104-112 and other related devices
may cxchangc data with cach other dircctly, or bands 104-112 may cxchange data via a third
party scrver, such as a third party like Faccbook®, to provide social-media related services.
Examplcs of othcr third party scrvers include thosc implemented by social nctworking scrviccs,
5 including, but not limited to, services such as Yahoo! IM"™, GTalk™, MSN Messenger'™,
Twitter® and other private or public social networks. The exchanged data may include personal
physiological data and data derived from sensory-based uscr interfaces (“UI™). Server 114, in
somc cxamplcs, may be implemented using onc or morc processor-bascd computing devices or
networks, including computing clouds, storage arca networks (“SAN™), or the like. As shown,

10 bands 104-112 may be used as a personal data or area network (c.g., “PDN” or “PAN”) in which
data rclevant to a given uscr or band (e.g., onc or more of bands 104-112) may be shared. As
shown here, bands 104 and 112 may be configured to exchange data with cach other over
network 102 or indirectly using server 114. Users of bands 104 and 112 may direct a web
browscr hosted on a computer (c.g., computer 120, laptop 122, or the like) in order to access,

15 view, modify, or perform other operations with data captured by bands 104 and 112, For
example, two runncrs using bands 104 and 112 may be geographically remote (e.g., users are not
geographically in close proximity locally such that bands being used by each user are in direct
data communication), but wish to share data regarding their race times (pre, post, or in-race),
personal records (i.e., “PR”), target split times, results, performance characteristics (e.g., target

20 hcart rate, target VO: max, and others), and other information. If both runners (i.c., bands 104
and 1 12) arc cngaged in a racc on the same day, data can be gathered for comparative analysis
and other uses. Further, data can be shared in substantially real-time (taking into account any
latencies incurred by data transfer rates, network topologics, or other data network factors) as
well as uploaded after a given activity or event has been performed. Tn other words, data can be

25  captured by the uscr as it is womn and configured to transfer data using, for example, a wircless
network connection (¢.g., a wircless network interface card, wircless local arca network (“LAN™)
card, ccll phone, or the like. Data may also be sharced in a temporally asynchronous manner in
which a wired data conncction (c.g., an analog audio plug (and associated software or firmware)
configured to transfer digitally ecncoded data to encoded audio data that may be transferred

30  between bands 104-112 and a plug configured to receive, encode/decode, and process data
cxchanged) may be uscd to transfer data from onc or morc bands 104-112 to various dcstinations
{(c.g., another of bands 104-112, server 114, mobile computing device 116, mobile
communications device 118, computer 120, laptop 122, and distributed scnsor 124). Bands 104-

112 may be implemented with various types of wired and/or wireless communication facilitics
6
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and arc not intended to be limited to any specific technology. For example, data may be
transferred from bands 104-112 using an analog audio plug (c.g., TRRS, TRS, or others). In
other examples, wircless communication facilities using various types of data communication
protocols (c.g., WiFi, Bluctooth®, ZigBce®, ANT™, and othcrs) may be implemented as part of
bands 104-112, which may include circuitry, firmware, hardware, radios, antennas, processors,
microprocessors, memories, or other clectrical, electronic, mechanical, or physical elements
configured to cnable data communication capabilitics of various types and charactcristics.

As data-capablc devices, bands 104-112 may be configured to collect data from a wide
range of sources, including onboard (not shown) and distributed sensors (c.g., scrver 114, mobile
computing device 116, mobile communications device 118, computer 120, laptop 122, and
distributed scnsor 124) or other bands. Some or all data captured may be personal, sensitive, or
confidential and various techniques for providing sccure storage and access may be
implemented. For example, various types of security protocols and algorithms may be used to
encode data stored or accessed by bands 104-112. Examples of sccurity protocols and
algorithms include authentication, encryption, encoding, private and public key infrastructure,
passwords, checksums, hash codes and hash functions (c.g., SHA, SHA-1, MD-5, and the like),
or others may be used to prevent undesired access to data captured by bands 104-112. 1n other
cxamples, data sccurity for bands 104-112 may be implemented differently.

Bands 104-112 may be used as personal wearable, data capture devices that, when wom,
arc configured to identify a specific, individual uscr. By cvaluating capturcd data such as motion
data from an accclerometer, biometric data such as heart rate, skin galvanic response, and other
biometric data, and using long-term analysis techniques (c.g., softwarc packages or modules of
any type, without limitation), a user may have a unique pattermn of behavior or motion and/or
biometric responscs that can be used as a signature for identification. For example, bands 104-
112 may gather data regarding an individual person’s gait or other unique biometric,
physiological or behavioral characteristics. Using, for example, distnibuted scnsor 124, a
biometric signaturce (c.g., fingerprint, retinal or iris vascular pattcrn, or others) may be gathered
and transmitted to bands 104-112 that, when combined with other data, determinces that a given
user has been properly identificd and, as such, authenticated. When bands 104-112 arc wom, a
uscr may be identificd and authcenticated to cnablc a variety of other functions such as accessing
or modifying data, cnabling wircd or wirclcss data transmission facilitics (i.c., allowing the
transfer of data from bands 104-112), modifying functionality or functions of bands 104-112,
authenticating financial transactions using stored data and information (¢.g., credit card, PIN,

card sccurity numbers, and the like), running applications that allow for various opcrations to be
7



WO 2012/170177 PCT/US2012/038410

performed (c.g., controlling physical sccurity and access by transmitting a sccurity code to a
rcader that, when authenticated, unlocks a door by turning off current to an clectromagnetic lock,
and others), and others. Different functions and operations beyond those described may be
performed using bands 104-112, which can act as sccurce, personal, wearable, data-capablce

5 devices. The number, type, function, configuration, specifications, structure, or other features of
system 100 and the above-described clements may be varied and are not limited to the examples
provided.

FIG. 2 illustrates a block diagram of an exemplary data-capable band. Here, band 200

includes bus 202, processor 204, memory 206, notification facility 208, accelerometer 210,

10 sensor 212, battery 214, and communications facility 216. In somc cxamples, the quantity, type,
function, structure, and configuration of band 200 and the elements (c.g., bus 202, processor 204,
memory 206, notification facility 208, accelerometer 210, sensor 212, battery 214, and
communications facility 216) shown may be varicd and are not limited to the examples provided.
As shown, processor 204 may be implemented as logic to provide control functions and signals

15 to memory 206, notification facility 208, accelerometer 210, sensor 212, battery 214, and
communications facility 216. Processor 204 may bc implemented using any type of processor or
microprocessor suitable for packaging within bands 104-112 (FIG. ). Various types of
microprocessors may be used to provide data processing capabilitics for band 200 and are not
limited to any specific type or capability. For example, a MSP430F5528-type microprocessor

20 manufacturcd by Texas Instrdmcms of Dallas, Tcxas may be configured for data communication
using audio tones and cnabling the use of an audio plug-and-jack system (c.g., TRRS, TRS, or
others) for transferring data capturcd by band 200. Further, different processors may be desired
if other functionality (c.g., the type and number of sensors (c.g., sensor 212)) arc varied. Data
processed by processor 204 may be stored using, for example, memory 206.

25 In some examples, memory 206 may be implemented using various types of data storage
technologies and standards, including, without limitation, .rcad-only memory (“ROM”), random
access memory (“RAM”), dynamic random access memory (“DRAM?), static random access
memory (“SRAM”), static/dynamic random access memory (“SDRAM?™), magnctic random
access memory (“MRAM™), solid state, two and three-dimensional memorics, Flash®, and

30  others. Mcmory 206 may also be implemented using onc or more partitions that arc configurcd
for mulriplc typcs of data storage tcchnologics to allow for non-modifiable (i.c., by a uscr)
software to be installed (c.g., firmware installed on ROM) whilc also providing for storage of

captured data and applications using, for example, RAM. Once captured and/or stored in
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memory 206, data may be subjected to various operations performed by other clemcents of band
200.

Notification facility 208, in some examples, may be implemented to provide vibratory
cncrgy, audio or visual signals, communicated through band 200. As uscd hercin, “facility™
refers to any, some, or all of the features and structures that are used to implement a given set of
functions. In some cxamples, the vibratory energy may be implemented using a motor or other
mechanical structure. In some examples, the audio signal may be a tone or other audio cue, or it
may be implemented using different sounds for different purposes. The audio signals may be
emitted directly using notification facility 208, or indirectly by transmission via communications
facility 216 to other audio-capable devices (c.g., headphones (not shown), a headset (as described
below with regard to FIGS. 11-13), mobile computing device 115, mobile communications
device 118, computer 120, laptop 122, distributed sensor 124, ctc.). In some examples, the visual
signal may be implemented using any available display technology, such as lights, light-emiiting
diodes (LEDs), interferometric modulator display (IMOD), clectrophoretic ink (E Ink), organic
light-emitting diode (OLED), or other display technologics. As an example, an application
stored on memory 206 may be configured to monitor a clock signal from processor 204 in order
to provide timekeeping functions to band 200. For example, if an alarm is set for a desired time,
notification facility 208 may be used to provide a vibration or an audio tonc, or a serics of
vibrations or audio tones, when the desired time occurs. As another example, notification facility
208 may be coupled to a framework (not shown) or other structurc that is used to translate or
communicate vibratory encrgy throughout the physical structurc of band 200. In other examples,
notification facility 208 may be implemented differently.

Power may be stored in battery 214, which may be implemented as a battery, battery
module, power management module, or the like. Power may also be gathered from local power
sources such as solar pancls, thermo-clectric generators, and kinetic energy generators, among
others that are alternatives power sources to external power for a battery. These additional
sources can cither power the system directly or can charge a battery, which, in turn, is used to
power the system (c.g., of a band). In other words, battery 214 may include a rechargeable,
cxpendable, replaccable, or other type of battery, but also circuitry, hardware, or software that
may be used in connection with in licu of processor 204 in order to provide power management,
chargc/recharging, sleep, or other functions. Further, battery 214 may be implemented using
various types of battery technologics, including Lithium lon (“LI"), Nickel Metal Hydride
(“NiMH™), or others, without limitation. Power drawn as clectrical current may be distributed

from battcry via bus 202, the latter of which may be implemented as deposited or formed
9
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circuitry or using other forms of circuits or cabling, including flexible circuitry. Elcctrical
current distributed from battery 204 and managed by processor 204 may be uscd by onc or morc
of mcmory 206, notification facility 208, accclerometer 210, sensor 212, or communications
facility 216.

5 As shown, various sensors may be used as input sources for data captured by band 200.
For example, accelerometer 210 may be uscd to gather data measured across one, two, or three
axcs of motion. In addition to accelerometer 210, other sensors (i.c., sensor 212) may be
implemented to provide temperature, environmental, physical, chemical, clectrical, or other types
of scnsed inputs. As presented here, sensor 212 may include one or multiple scasors and is not

10 intended to be limiting as to the quantity or type of sensor implemented. Data captured by band
200 using accelerometer 210 and sensor 212 or data requested from another source (i.c., outside
of band 200) may also be exchanged, transferred, or otherwise communicated using
communications facility 216. For example, communications facility 216 may include a wireless
radio, control circuit or logic, antenna, transceiver, recciver, transmitter, resistors, diodcs,

15 transistors, or other clements that are used to transmit and receive data from band 200. In some
examples, communications facility 216 may bc implemented to provide a “wired” data
communication capability such as an analog or digital attachment, plug, jack, or the like to allow
for data to be transferred. In other examples, communications facility 216 may be implemented
to provide a wircless data communication capability to transmit digitally encoded data across one

20 or morc frequencics using various types of data communication protocols, without limitation. In
still other examplcs, band 200 and the above-described clements may be vaned in function,
structure, configuration, or implementation and are not limited to thosc shown and described.

FIG. 3 illustrates sensors for use with an excmplary data-capable band. Scnsor 212 may
be implecmented using various types of sensors, some of which arc shown. Likc-numbered and

25  named clements may describe the same or substantially similar element as those shown in other
descriptions. Here, sensor 212 (FIG. 2) may be implemented as accelerometer 302,
altimeter/barometer 304, light/infrared (“IR”) scnsor 306, pulse/heart rate (“HR™) monitor 308,
audio scnsor (c.g., microphonc, transducer, or others) 310, pedometer 312, velocimeter 314, GPS
recciver 316, location-based scrvice sensor (c.g., sensor for determining location within a cellular

30 or micro-cellular network, which may or may not use GPS or other satcllite constellations for
fixing a position) 318, motion dctcction scnsor 320, cnvironmental scnsor 322, chemical sensor
324, clectrical sensor 326, or mechanical sensor 328.

As shown, accelerometer 302 may be uscd to capture data associated with motion

detcction along 1, 2, or 3-axes of mcasurement, without limitation to any specific type of
10
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specification of sensor. Accelcrometer 302 may also be implemented to mecasure various types
of user motion and may be configured based on the type of sensor, firmware, software, hardware,
or circuitry uscd. As another cxample, altimcter/barometer 304 may be uscd to measure
cnvironment pressurce, atmosphcric or otherwise, and is not limited to any specification or type of

5  pressure-reading device. In some examples, altimeter/barometer 304 may be an altimeter, a
barometer, or a combination thereof. For example, altimeter/barometer 304 may be implemented
as an altimeter for measuring above ground level (“AGL™) pressurc in band 200, which has been
configured for usc by naval or military aviators. As another example, altimeter/barometer 304
may be implemented as a barometer for reading atmospheric pressure for marine-based

10 applications. In other examples, altimeter/barometer 304 may be implemented differently.

Other types of sensors that may be used to measure light or photonic conditions include
hght/IR sensor 306, motion detection sensor 320, and environmental sensor 322, the latter of
which may include any type of sensor for capturing data associated with environmental
conditions beyond light. Further, motion detection sensor 320 may be configured to detect

15 motion using a varicty of techniques and technologies, including, but not limited to comparative
or differential light analysis (¢.g., comparing foreground and background lighting), sound
monitoring, or others. Audio scnsor 310 may be implemented using any type of device
configured to record or capture sound.

In some examples, pedometer 312 may be implemented using devices to measure various

20 types of data associated with pedestrian-oriented activitics such as running or walking,.
Footstrikes, stride length, stride length or interval, time, and other data may be measured.
Velocimeter 314 may be implemented, in some cxamples, to measure velocity (c.g., speed and
directional vectors) without limitation to any particular activity. Further, additional sensors that
may be used as sensor 212 include those configured to identify or abtain location-based data.

25 For example, GPS receiver 316 may be used to obtain coordinates of the geographic location of
band 200 using, for cxample, various types of signals transmitted by civilian and/or military
satellite constellations in low, medium, or high earth orbit (¢.g., “LEO,” “MEO,” or “GEO”). In
other cxamples, differential GPS algorithms may also be implemented with GPS receiver 316,
which may be used to gencrate more precise or accurate coordinates. Still further, location-based

30  scrvices sensor 318 may be implemented to obtain location-bascd data including, but not limited
to location, ncarby scrvices or itcms of intcrest, and the likc. As an cxample, location-bascd
services sensor 318 may be configured to detect an electronic signal, encoded or otherwise, that
providcs information regarding a physical locale as band 200 passes. The clectronic signal may

include, in some examples, encoded data regarding the location and information associated
1
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therewith. Elcctrical sensor 326 and mechanical sensor 328 may be configured to include other
types (c.g., haptic, kinetic, piczoelectric, piczomechanical, pressure, touch, thermal, and others)
of sensors for data input to band 200, without limitation. Other types of scnsors apart from thosc
shown may also bc uscd, including magnctic flux scnsors such as solid-statc compasscs and the

5 like, including gyroscopic sensors. While the present illustration provides numerous examples of
types of sensors that may be used with band 200 (FIG. 2), others not shown or described may be
implemented with or as a substitute for any scnsor shown or described.

FIG. 4 illustrates an application architecture for an exemplary data-capable band. Here,
application architecture 400 includes bus 402, logic module 404, communications module 406,

10 security module 408, interface module 410, data management 412, audio modulc 414, motor
controller 416, service management module 418, sensor input evaluation module 420, and power
management module 422. In some examples, application architecture 400 and the above-listed
elements (¢.g., bus 402, logic module 404, communications module 406, sccurity module 408,
interface module 410, data management 412, audio module 414, motor controller 416, service

15 management module 418, sensor input cvaluation module 420, and power management module
422) may be implemented as software using various computer programming and formatting
languages such as Java, C++, C, and others. As shown here, logic modulc 404 may be firmware
or application software that is installed in memory 206 (FIG. 2) and exccuted by processor 204
(FIG. 2). Included with logic module 404 may be program instructions or code (c.g., source,

20  object, binary cxccutables, or others) that, when initiated, called, or instantiated, perform various
functions.

For example, logic module 404 may bc configured to scnd control signals to
communications module 406 in order to transfer, transmit, or reccive data stored in memory 206,
the latter of which may be managed by a database management system (“DBMS”) or utility in

25  data management module 412, As another cxample, sccurity module 408 may be controlled by
logic modulc 404 to provide encoding, decoding, encryption, authentication, or other functions to
band 200 (FIG. 2). Alteratively, security module 408 may also be implemented as an
application that, using data captured from various sensors and stored in memory 206 (and
accessed by data management module 412) may be used to provide identification functions that

30 cnable band 200 to passively identify a uscr or wearer of band 200. Stiil further, various types of
sceurity softwarc and applications may be uscd and arc not limitced to thosc shown and described.

Interface module 410, in some examples, may be used to manage user interface controls
such as switches, buttons, or other types of controls that enable a uscr to manage various

functions of band 200. For cxample, a 4-position switch may be turned to a given position that is
12
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interpreted by interface module 410 to determine the proper signal or feedback to send to logic
modulc 404 in order to generate a particular result. In other cxamples, a button (not shown) may
be depressed that allows a user to trigger or initiate certain actions by sending another signal to
logic modulc 404. Still furthcr, interface modulc 410 may be uscd to interpret data from, for
5 example, accelerometer 210 (FIG. 2) to identify specific movement or motion that initiates or
triggers a given response. In other examples, interface module 410 may be implemented
differently in function, structure, or configuration and is not limited to those shown and
described.
As shown, audio module 414 may be configured to manage cncoded or unencoded data

10 gathered from various types of audio sensors. In some examples, audio module 414 may include
onc or more codcs that are used to encode or decode various types of audio waveforms. For
example, analog audio input may be encoded by audio module 414 and, once encoded, sent as a
signal or collection of data packcts, messages, segments, frames, or the like to logic module 404
for transmission via communications module 406. In other cxamples, audio modulc 414 may be

15 implemented differently in function, structure, configuration, or implementation and is not
limited to those shown and described. Other clements that may be used by band 200 include
motor controller 416, which may be firmware or an application to control a motor or other
vibratory energy sourcc {c.g., notification facility 208 (FIG. 2)). Power uscd for band 200 may
be drawn from battery 214 (FIG. 2) and managed by power management module 422, which may

20 be firmwarc or an application uscd to manage, with or without uscr input, how power is
consumer, conscrved, or otherwisc used by band 200 and the above-described clements,
including onc or more sensors (c.g., sensor 212 (FIG. 2), sensors 302-328 (FIG. 3)). With regard
to data capturcd, scnsor input cvaluation module 420 may be a software cngine or module that is
used to cvaluate and analyze data reccived from one or more inputs (c.g., scnsors 302-328) to

25 band 200. When received, data may be analyzed by sensor input evaluation module 420, which
may include custom or “‘off-the-shelf” analytics packages that arc configured to provide
application-specific analysis of data to determine trends, patterns, and other uscful information.
In other examples, sensor input module 420 may also include firmware or softwarc that cnables
the generation of various types and formats of reports for presenting data and any analysis

30  performed thercupon.

Another clement of application architccture 400 that may be included is service

management module 418, In some ¢xamplcs, service management module 418 may be
firmwarc, software, or an application that is configurcd to manage various aspects and operations

associated with exccuting software-rclated instructions for band 200. For cxample, librarics or
13
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classes that arc used by software or applications on band 200 may be served from an onlinc or
networked source. Service management module 418 may be implemented to manage how and
when these services are invoked in order to ensure that desired applications arc exccuted properly
within application architccturc 400. As discrete scts, collections, or groupings of functions,

5  services used by band 200 for various purposes ranging from communications (o operating
systems to call or document librarics may be managed by service management module 418,
Altcrnatively, service management module 418 may be implemented differently and is not
limited to the examples provided hercin. Further, application architecture 400 is an cxample of a
software/system/application-level architecture that may be used to implement various software-

10 related aspects of band 200 and may be varied in the quantity, type, configuration, function,
structure, or type of programming or formatting languages used, without limitation to any given
example.

FIG. 5A illustrates representative data types for use with an exemplary data-capable band.
Here, wearable device 502 may capture various types of data, including, but not limited to scnsor

15 data 504, manually-cntered data 506, application data 508, location data 510, network data 512,
system/opcrating data 514, and user data S16. Various types of data may be captured from
sensors, such as those described above in connection with FIG. 3. Manually-cntered data, in
some examples, may be data or inputs received dircctly and locally by band 200 (FIG. 2). In
other examples, manually-entered data may also be provided through a third-party website that

20  storcs the data in a databasc and may be synchronized from scrver 114 (FIG. 1) with onc or morc
of bands 104-112. Other types of data that may be captured including application data 508 and
system/opcrating data 514, which may be associated with firmware, software, or hardware
installed or implemented on band 200. Further, location data 510 may bc used by wearable
device 502, as described above. User data 516, in some cxamples, may be data that include

25  profile data, preferences, rules, or other information that has been previously entered by a given
user of wearable device 502. Further, network data 512 may be data is captured by wcarable
device with regard to routing tables, data paths, network or access availability (c.g., wircless
network access availability), and the like. Other types of data may be captured by wearable
device 502 and arc not limited to the examples shown and described. Additional context-specific

30  cxamples of types of data captured by bands 104-112 (FIG. 1) arc provided below.

FIG. 5B illustratcs rcprescntative data types for usc with an cxemplary data-capablc band
in fitness-related activities. Here, band 519 may be configured to capture types (i.c., catcgories)
of data such as hcart ratc/pulsc monitoring data 520, blood oxygen saturation data 522, skin

temperaturc data 524, salinity/cmission/outgassing data 526, location/GPS data 528,
14
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environmental data 530, and accelerometer data 532. As an example, a runner may use or wear
band 519 to obtain data associated with his physiological condition (i.c., heart rate/pulsc
monitoring data 520, skin temperature, salinity/cmission/outgassing data 526, among others),
athlctic cfficiency (i.c., blood oxygen saturation data 522), and performance (i.c., location/GPS
5 data 528 (e.g., distance or laps run), environmental data 530 (e.g., ambient temperature,
humidity, pressure, and the like), accelerometer 532 (e.g., biomechanical information, including
gait, stnde, stride length, among others)). Other or different types of data may be captured by
band 519, but the above-described examples arc illustrative of some types of data that may be
capturcd by band 519. Further, data capturcd may be uploaded to a website or online/networked
10 destination for storage and other uses. For example, fitness-related data may be used by
applications that arc downloaded from a™fitness marketplace” wherc athletes may find,
purchase, or download applications for various uscs. Some applications may be activity-specific
and thus may be used to modify or alter the data capturc capabilities of band 519 accordingly.
For cxample, a fitmess marketplace may be a website accessible by various types of mobile and
15 non-mobilc clients to locate applications for different excercisce or fitness categorics such as
running, swimming, tennis, golf, bascball, football, fencing, and many others. When
downloaded, a fitness marketplace may also be used with user-specific accounts to manage the
retrieved applications as well as usage with band 519, or to use the data to provide services such
as online personal coaching or targeted advertisements. More, fewer, or different types of data
20 may bc captured for fitness-related activitics.
FIG. SC illustratcs representative data types for usc with an exemplary data-capable band
in slcep management activitics. Here, band 539 may be used for slecp management purposcs to
track various types of data, including heart ratc monitoring data 540, motion sensor data 542,
accelerometer data 544, skin resistivity data 546, uscr input data 548, clock data 550, and audio
25 data 552. In somc cxamplcs, heart rate monitor data 540 may be captured to cvaluate rest,
waking, or various slates of slcep. Motion sensor data 542 and accelerometer data 544 may be
used to determine whether a user of band 539 is experiencing a restful or fitful slecp. For
cxample, some motion scnsor data 542 may be captured by a light sensor that measures ambient
or differential light patterns in order to determine whether a user is sleeping on her front, side, or
30  back. Accclerometer data 544 may also be captured to determine whether a uscr is experiencing
gentle or violent disruptions when slecping, such as thosc often found in afflictions of slecp
apnea or other sleep disorders. Further, skin resistivity data 546 may be captured to determine
whether a user is ill (e.g., running a temperature, sweating, experiencing chills, clammy skin, and

others). Still further, user input data may include data input by a uscr as to how and whether
15
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band 539 should trigger notification facility 208 (FIG. 2) to wake a uscr at a given time or
whcther to usc a scrics of increasing or decreasing vibrations or audio tonces to trigger a waking
state. Clock data (550) may be uscd to measurc the duration of sleep or a finite period of time in
which a uscr is at rest. Audio data may also be capturcd to determine whether a uscr is snoring

5 and, if so, the frequencies and amplitude thercin may suggest physical conditions that a user may
be interested in knowing (e.g., snoring, breathing interruptions, talking in onc’s sleep, and the
like). More, fewer, or different types of data may be captured for sleep management-related
activities.

FIG. 5D illustrates representative data types for use with an cxemplary data-capable band

10 in medical-related activitics. Here, band 539 may also be configured for medical purposes and
related-types of data such as heart rate monitoring data 560, respiratory monitoring data 562,
body temperature data 564, blood sugar data 566 (i.c., blood glucose levels), chemical
protein/analysis data 568, patient medical records data 570, and healthcare professional (c.g.,
doctor, physician, rcgistered nurse, physician’s assistant, dentist, orthopedist, surgcon, and

15 others)data 572. Band 539 may also be configured for use with other data types (not shown),
including blood pressure, oxygen saturation and skin conductance responsc (SCR, also known as
skin conductance level, psychogalvanic reflex, electrodermal response or galvanic skin
responsc). In some ecxamples, data may be captured by band 539 dircctly from wear by a user.
For example, band 539 may be able to sample and analyze sweat through a salinity or moisture

20 detector to identify whether any particular chemicals, proteins, hormoncs, or other organic or
inorganic compounds are present, which can be analyzed by band 539 or communicated to scrver
114 to perform further analysis. If sent to server 114, further analyses may be performed by a
hospital or other medical facility using data capturcd by band 539. In other examples, more,
fewer, or different types of data may be captured for medical-related activitices.

25 Band 539 may be used to diagnosc a wide range of medical conditions and discases. For
example, the types of sensor data described above may be useful for diagnosing or monitoring
medical conditions and discases such as sleep disorders, diabetes, heart attack, stroke,
hyperthermia, hypothermia, shock, Parkinson’s Discasc or other disorders (e.g., disorders
involving movement-related symptoms). In some examples, band 539 may be implemented with

30 multiple temperature sensors (c.g., onc to gather body temperaturce data 564 and another to gather
ambicnt tempcrature (i.c., cnvironmental data 530)) in order to isolatc changcs to a uscr’s body
temperature, which may be uscful for numerous medical recasons. For example, dramatic
changes in body tcmpcrature may indicate various types of illnesses (c.g., cold, flu, etc.) or life-

thrcatening cvents (c.g., heart attack, stroke, hyperthermia, hypothermia, shock, ctc.). In another
16
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cxample, changes in a person’s body temperature may be used to monitor a menstrual cycle and
determine ovulation times {or failurc to ovulate). In somc examples, band 539 may be
implemented to gather SCR data using two or more sensors. SCR data is known to measure
arousal duc to cmotional intensity or cognitive cffort. As such, SCR data may also bc gathcred
5  to determine if a user is experiencing sympathetic stress, poor slcép quality or psychopathic
tendencics. In another example, heart rate monitoring data 560, respiratory monitoring data 562,
alone or along with other data types (c.g., motion scnsor data 542, accelcrometer data 544, ctc.)
may be gathered by band 539 to aid in determining when a baby stops breathing, if a baby has
irregular breathing patierns when sleeping, or whether the baby is otherwise in danger of

10 suffering from sudden infant death syndrome (SIDS). In other examples, band 539 may gather
similar, or additional, data types to diagnose and monitor sleep disorders in adults. In other
examples, various types of data gathered by band 539 may be uscful in determining negative
reactions to food, drink, or environmental influences (c.g., allergies, indigestion, intoxication,
ctc.). In yet other examples, band 539 may be implemented with different data types to diagnose

15 or monitor other medical conditions and discascs. In some examples, the analysis of the above-
described data types to diagnose and monitor medical conditions and discascs may be carried out
using an application (i.e., software application), which may be stored in a memory (i.e., memory
206) and exccuted by a processor (i.c., processor 204). The application may be implemented
using application architecture 400, as described in more detail above (sce FIG. 4).

20 In response to the diagnosis and monitoring of medical conditions and diseascs described
above, band 539 may bc implemented to provide notifications to a user (i.c., using notification
facility 208) for trcatment or prevention purposcs. In some examples, patient medical records
data 570 and healthcare professional (c.g.. doctor, physician, registered nurse, physician’s
assistant, dentist, orthopedist, surgeon, and others) data 572 may be used in conjunction with the

25  sensor-gathcred data types described above to determine types of notifications for treatment and
prevention of medical conditions and discases. This determination may be made by an
application (i.c., softwarc application), which may be stored in a memory (i.c., memory 206) and
cxecuted by a processor (i.c., processor 204). The application may be implemented using
application architecturc 400, as described in more detail above (sce FIG. 4). Various types of

30  signals may be uscd to indicate various treatments and preventative measures. For cxample, a
diabctic uscr may be promptcd using onc signal to cat if their blood glucosc level falls below a
certain threshold. A diabetic user may also be prompted using another signal to take insulin or
other medication. In another cxample, band 539 may gather data associated with symptoms of

anaphylactic shock, or other types of allergic reactions (c.g., hay fever, hives, ctc.), and in
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response, provide a signal (c.g., vibratory, audio or visual signal via notification facility 208) to
prompt the user to usc an epincphrine autoinjcctor (c.g., EpiPen™), to take a prescribed dosc of
medication (¢.g., an antihistamine (c.g., Benadryl™), a corticostcroid (¢.g. Prednisonc™), or
other drug), or to take other prescribed treatment actions. in another cxample, band 539 may
5  gather data indicating irregular breathing patterns (e.g., no breaths, distressed breathing patterns,
etc.) or other signs of distress or illness (¢.g., SIDS warning signs) in a baby, and in response,
provide a signal (c.g., vibratory, audio or visual signal via notification facility 208) to prompt the
baby to movc or wake. In some examples, a band 539 worn by a baby may communicate with
another band (not shown) worn by a parent, guardian or other carctaker (collectively referred to
10 herein as “parent”) that provides the parent with monitoring information or alerts (c.g., that the
baby has stopped breathing, that the baby is awake, that the baby is experiencing distressed
breathing, etc.). The monitoring information or alerts may be presented using any type of user
interface, as described herein or may otherwisc be implemented on the parent’s band. The
monitoring information or alerts may be communicated using a wired or wireless conncction. In
15  other cxamples, the monitoring information or alerts may be provided to the parent by any of the
data and communications capable devices described herein. Similarly, band 539 may gather data
indicating snoring, irregular breathing patterns, or other sleep disorder symptoms in an adult, and
in response, provide a signal (e.g., vibratory, audio or visual signal via notification facility 208)
to prompt the adult to move or wake. In yet other examples, band 539 may be implemented with
20  different types of notification schemes to treat or prevent other medical conditions and discascs.
As described in more detail below, band 539 may be implemented in communication with
other bands and other devices. The data types described above may be gathered by multiple
bands and dcvices to obtain a morc comprehensive set of data for analysis by an application. In
some examples, onc band (e.g., band 539) may be worn by a non-human subject, such as an
25  animal (c.g., a pet, a zoo animal, 2 trained animal, ctc.) to gather various types of data, as
described above, and notification may be provided to a person associated with the non-human
subject (c.g., a pet owner, a zookeeper, an animal traincr, ctc.) for the administration of various
treatments or preventative measures., , .
FIG. 6 illustrates a transition between modes of operation for a band in accordance with
30 various cmbodiments. A band can transition between modes by either entering a mode at 602 or
cxiting a modc at 660. Thc flow to cntcr a modc begins at 602 and flows downward, whercas the
flow to exit the mode begins at 660 and flows upward. A mode can be entered and exited
explicitly 603 or entered and exited implicitly 605. In particular, a user can indicate cxplicitly

whether to cnter or exit a mode of operation by using inputs 620. Examples of inputs 620
18



WO 2012/170177 PCT/US2012/038410

include a switch with one or more positions that are cach associated with a selectable mode, and
a display I/O 624 that can be touch-sensitive for entering commands explicitly to enter or exit a
mode. Note that entry of a second modc of operation can cxtinguish implicitly the first mode of
opcration. Further, a uscr can cxplicitly indicate whether to cnter or cxit a modc of opcration by

5 using motion signatures 610. That is, the motion of the band can facilitate transitions between
modecs of operation. A motion signature is a sct of motions or patterns of motion that the band
can detect using the logic of the band, whereby the logic can infer a mode from the motion
signature. Examplecs of motion signatures arc discusscd below in FIG. 11. A set of motions can
be predetcrmined, and then can be associated with a command to enter or exit a mode. Thus,

10 motion can select a mode of operation. In some embodiments, modes of operation include a
“normal” modc, an “active mode,” a “sleep mode” or “resting mode,” among other types of
modes. A normal mode includes usual or normative amount of activities, whereas, an “active
mode” typically includes relatively large amounts of activity. Active mode can include
activitics, such as running and swimming, for cxample. A “slecp mode™ or “resting mode”

15 typically includes a relatively low amount of activity that is indicative of slecping or resting can
be indicative of the uscr slceping.

A mode can be entered and exited implicitly 605. In particular, a band and its logic can
determine whether to enter or exit a mode of operation by inferring cither an activity or a mode at
630. Aninferred mode of operation can be determined as a function of user characteristics 632,

20 such as detcrmined by uscr-relevant scnsors (c.g., heart rate, body temperature, ctc.). An inferred
modec of operation can be determined using motion matching 634 (c.g., motion is analyzed and a
type of activity is determincd). Further, an inferred mode of opcration can be determined by
examining cnvironmental factors 636 (c.g., ambient temperature, time, ambicnt light, etc.). To
illustrate, consider that: (1.) user characteristics 632 specify that the uscr’s heart rate is at a

25 resting rate and the body temperature falls (indicative of resting or sleeping), (2.) motion
matching 634 dctermincs that the user has a rclatively low level of activity, and (3.) environment
factors 636 indicate that the time is 3:00 am and the ambient light is negligible. In view of the
forcgoing, an inference engince or other logic of the band likely can infer that the user is sleeping
and then operate to transition the band into sleep mode. In this mode, power may be reduced.

30  Note that while a mode may transition either explicitly or implicitly, it need not exit the same
way.

FiG. 7A illustrates a perspective view of an excmplary data-capable band configured to
receive overmolding.  Here, band 700 includes framework 702, covering 704, flexible circuit

706, covering 708, motor 710, coverings 714-724, plug 726, accessory 728, control housing 734,
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control 736, and flexible circuits 737-738. In some examples, band 700 is shown with various
clements (i.c., covering 704, flexible circuit 706, covering 708, motor 710, coverings 714-724,
plug 726, accessory 728, control housing 734, control 736, and flexible circuits 737-738) coupled
to framcwork 702. Coverings 708, 714-724 and control housing 734 may bc configurcd to
5  protect various types of elements, which may be electrical, electronic, mechanical, structural, or
of another type, without limitation. For example, covering 708 may be used to protect a battery
and power management modulc from protective matcrial formed around band 700 during an
injcction molding operation. As another cxample, housing 704 may be uscd to protect a printed
circuit board assembly (“PCBA”) from similar damage. Further, control housing 734 may be

10 used to protect various types of uscr intcrfaces (c.g., switches, burtons (e.g., control 736), lights,
light-cmitting diodes, or other control featurcs and functionality) from damage. In other
examples, the clements shown may be varied in quantity, type, manufacturer, specification,
function, structurc, or other aspects in order to provide data capture, communication, analysis,
usagc, and other capabilitics to band 700, which may be worn by a uscr around a wrist, arm, lcg.

15 ankle, neck or other protrusion or aperture, without restriction. Band 700, in some cxamples,
illustrates an initial unlaycred device that may be protected using the techniques for protective
overmolding as described above. Alternatively, the number, type, function, configuration,
omamental appearance, or other aspects shown may be varied without limitation.

FIG. 7B illustrates a side view of an exemplary data-capable band. Here, band 740

20  includes framework 702, covering 704, flexible circuit 706, covering 708, motor 710, battcry
712, coverings 714-724, plug 726, accessory 728, button/switch/LED 730-732, control housing
734, control 736, and flexible circuits 737-738 and is shown as a side vicw of band 700. In other
cxamples, the number, type, function, configuration, ornamental appcarance, or other aspeets
shown may be varied without limitation.

25 FIG. 8A illustratcs a perspective of an exemplary data-capable band having a first
molding. Here, an alternative band (i.c., band 800) includes molding 802, analog audio TRRS-
type plug (hercafter “plug”) 804, plug housing 806, button 808, framcwork 810, control housing
812, and indicator light 814. In somc cxamples, a first protective overmolding (i.c., molding
802) has been applicd over band 700 (FIG. 7) and the above-described elements (e.g., covering

30 704, flexible circuit 706, covering 708, motor 710, coverings 714-724, plug 726, accessory 728,
control housing 734, control 736, and flcxible circuit 738) lcaving somc clements partially
exposcd (c.g., plug 804, plug housing 806, button 808, framework 810, control housing 812, and
indicator light 814). However, internal PCBAs, flexible conncctors, circuitry, and other sensitive

clements have been protectively covered with a first or inner molding that can be configured to
20
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further protect band 800 from subsequent moldings formed over band 800 using the above-
described techniques. In other examples, the type, configuration, location, shape, design, layout,
or other aspects of band 800 may be varicd and arc not limited to those shown and described.
For cxample, TRRS plug 804 may bc removed if a wircless communication facility is instcad
5 attached to framework 810, thus having a transceiver, logic, and antenna instead being protected
by molding 802. As another example, button 808 may bc removed and replaced by another
control mechanism (c.g., an accclerometer that provides motion data to a processor that, using
firmware and/or an application, can identify and resolve different types of motion that band 800
is undergoing), thus cnabling molding 802 to be extended more fully, if not completely, over

10 band 800. In other examples, the number, type, function, configuration, omamental appearance,
or other aspects shown may be varied without limitation.

FIG. 8B iliustrates a side view of an excmplary data-capable band. Here, band 820
includes molding 802, plug 804, plug housing 806, button 808, control housing 812, and
indicator lights 814 and 822. In other examples, the number, type, function, configuration,

15 ornamental appcarance, or other aspects shown may be vanied without limitation.

FIG. 9A illustrates a perspective view of an exemplary data-capable band having a
second molding. Here, band 900 includes molding 902, plug 904, and bution 906. As shown
another overmolding or protective material has been formed by injection molding, for example,
molding 902 over band 900. As another molding or covering layer, molding 902 may also be

20  configured to receive surface designs, raised textures, or patterns, which may be uscd to add to
the commercial appeal of band 900. In some cxamples, band 900 may be illustrative of a
finished data-capable band (i.c;, band 700 (FIG. 7), 800 (FIG. 8) or 900) that may be configurcd
to provide a wide range of electrical, clectronic, mechanical, structural, photonic, or other
capabilitics,

25 Here, band 900 may be configured to perform data communication with onc or more
other data-capable devices (¢.g., other bands, computers, nctworked computers, clients, servers,
peers, and the like) using wired or wircless features. For example, plug 900 may be used, in
conncction with firmwarce and software that allow for the transmission of audio tones to send or
receive encoded data, which may be performed using a variety of cncoded waveforms and

30 protocols, without limitation. In other cxamples, plug 904 may be removed and instcad replaced
with a wirclcss communication facility that is protected by molding 902. If using a wircless
communication facility and protocol, band 900 may communicatc with other data-capable
devices such as ccll phones, smart phones, computers (c.g., desktop, laptop, notcbook, tablet, and

the like), computing networks and clouds, and other types of data-capable devices, without
: 21
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limitation. In still other examples, band 900 and the elements described above in connection
with FIGs. 1-9, may be varied in type, configuration, function, structurce, or other aspects,
without limitation to any of the examples shown and described.

FIG. 9B illustratcs a sidc vicw of an cxcmplary data-capable band. Here, band 910

5  includes molding 902, plug 904, and button 906. In other examples, the number, type, function,
configuration, ornamental appearance, or other aspects shown may be varied without limitation.

FIG. 10 illustratcs an exemplary computer system suitable for usc with a data-capable
band. In somc cxamples, computer system 1000 may be used to implement computer programs,
applications, methods, processes, or other software to perform the above-described techniques.

10 Computer system 1000 includes a bus 1002 or other communication mechanism for
communicating information, which interconnccts subsystems and devices, such as processor
1004, system memory 1006 (e.g., RAM), storage device 1008 (e:g., ROM), disk drive 1010 (e.g.,
magnetic or optical), communication interface 1012 (c.g., modem or Ethernet card), display 1014
(c.g., CRT or LCD), input device 1016 (c.g., keyboard), and cursor control 1018 (c.g., mousc or

15 trackball).

According to some examples, computer system 1000 performs specific operations by
processor 1004 executing onc or more sequences of one or more instructions stored in system
memory 1006. Such instructions may be read into system memory 1006 from another computer
rcadable medium, such as static storage device 1008 or disk drive 1010. In some examples,

20 hard-wircd circuitry may be used in place of or in combination with softwarc instructions for
implementation.

The term “computer rcadable medium” refers to any tangible medium that participates in
providing instructions to processor 1004 for exccution. Such a medium may take many forms,
including but not limited to, non-volatile media and volatile media. Non-volatile media includes,

25 for cxample, optical or magnctic disks, such as disk drive 1010. Volatile media includes
dynamic memory, such as system memory 1006.

Common forms of computcr readable media includcs, for cxample, floppy disk, flexible
disk, hard disk, magnctic tape, any other magnctic medium, CD-ROM, any other optical
medium, punch cards, paper tape, any other physical medium with patterns of holes, RAM,

30 PROM, EPROM, FLASH-EPROM, any other memory chip or cartridge, or any other medium
from which a computcr can rcad.

Instructions may further be transmitted or received using a transmission medium. The
term “transmission medium’™ may include any tangible or intangible medium that is capable of

storing, cncoding or carrying instructions for cxccution by the maching, and includes digital or
22
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analog communications signals or other intangible medium to facilitatc communication of such
instructions. Transmission media includes coaxial cables, copper wire, and fiber optics,
including wires that comprisc bus 1002 for transmitting a computcr data signal.
In somc cxamplcs, cxccution of the scquencces of instructions may be performed by a
5  single computer system 1000. According to some examples, two or more computer systems

1000 coupled by communication link 1020 (e.g., LAN, PSTN, or wircless network) may perform
the scquence of instructions in coordination with on¢ another. Computer system 1000 may
transmit and receive messages, data, and instructions, including program, i.c., application code,
through communication link 1020 and communication interface 1012. Received program code

10 may be executed by processor 1004 as it is received, and/or stored in disk drive 1010, or other
non-volatile storage for later cxecution.

FIG. 11 depicts a representative implementation of one or more bands and equivalent

devices, as wearable devices, to form unique motion profiles, according to various embodiments.
In diagram 1100, bands and an cquivalent device are disposed on locomotive members of the

15 user, whercby the locomotive members facilitate motion relative to and about a center point 1130
(c.g., a reference point for a position, such as a center of mass). A headset 1110 is configured to
communicate with bands 1111, 1112, 1113 and 1114 and is disposed on a body portion 1102
(e.g., the head), which is subject to motion relative to center point 1130. Bands 1111 and 1112
arc disposed on locomotive portions 1 104 of the user (e.g., the arms or wrists), whereas bands

20 1113 and 1114 arc disposed on locomotive portion 1106 of the uscr (c.g., the legs or ankles). As
shown, headset 1110 is disposed at distance 1120 from center point 1130, bands 1111 and 1112
are disposcd at distance 1122 from center point 1130, and bands 1113 and 1114 are disposed at
distance 1124 from center point 1130. A great number of users have different values of distances
1120, 1122, and 1124, Further, different wrist-to-clbow and elbow-to-shoulder lengths for

25 different users affect the relative motion of bands 1111 and 1112 about center point 1130, and
similarly, different hip-to-knec and knee-to-ankle lengths for different users affect the relative
motion of bands 1113 and 1114 about center point 1130. Morcover, a great number of users
have unique gaits and stylcs of motion. The above-described factors, as well as other factors,
facilitate the determination of a uniquc motion profile for a user per activity (or in combination

30  of anumber of activitics). The uniquencss of the motion patterns in which a user performs an
activity cnables the usc of motion profilc data to provide a “motion fingerprint.” A “motion
fingerprint” is unique to a uscr and can be compared against detected motion profiles to
determine, for cxample, whether a usc of the band by a subsequent wearer is unauthorized. In

somc cascs, unauthorized uscrs do not typically sharc common motion profiles. Note that while
23
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four arc shown, fewer than four can be used to establish a “motion fingerprint,” or more can be
shown (e.g., a band can be disposcd in a pocket or otherwisc carried by the uscr). For example, a
uscr can placc a single band at different portions of the body to capture motion patterns for those
body parts in a scrial fashion. Then, cach of thc motions patterns can bc combincd to form a

5 “motion fingerprint.” In some cases, a single band 1111 is sufficient to establish a “motion
fingerprint.” In other examples, one or morc of bands 1111, 1112, 1113 and 1114 can be
configured to operate with multiple users, including non-human uscrs, such as pcts or other
animals.

FIGS. 12-13 are diagrams representing examples of networks formed using one or more

10 bands, according to some embodiments. Diagram 1200 of FIG. 12 depicts a personal, wearable
network including a number of bands 1211, 1212, 1213, and 1214 (morc or less) disposed on
locomotive bodily members of a user or an entity (e.g., a human, an animal, such as a pet, etc.),
according to one example. In some embodiments, bands 1211, 1212, 1213, and 1214 can
communicate with cach other via, for example, Bluctooth® to form a peer-to-peer network.

15 Further, a wearable communication device 1210 configurced for aural communication, such as a
headset, can communicate with bands 1211, 1212, 1213, and 1214, and can scrve as a router to
route data among bands 1211, 1212, 1213, and 1214, and with a mobile communications device
1216 (c.g., a mobile phone). As shown, wearable communication device 1210 forms
communication links 1217 with one or more bands 1211, 1212, 1213, and 1214. Any of bands

20 1211, 1212, 1213, and 1214 can communicatc on communication link 1219 via nctworks 1220 to
a remote band 1230. Or, bands 1211, 1212, 1213, and 1214 can communicatc via
communication links 1218 and nctworks 1220 to a remote band 1230. Notc that in some
embodiments, bands 1211, 1212, 1213, and 1214 form a sccured personal, wearable network
bascd on sccurity keys that consider, for example, motion (c.g., all bands 1211, 1212, 1213, and

25 1214 are moving in the same dircction and can be indicative of a single person using bands 1211,
1212, 1213, and 1214).

Diagram 1300 of FIG. 13 dcpicts a number of bands that form a local nctwork between
the bands, according to onc example. A band 1312 is associated with a user 1301. Bands 1312
can communicate via communication links 1317 and 1318 to communication device 1316, and,

30 in tumn, to onc or morc network 1320. Note that group 1302 of users 1301 may be engaging in a
common cvent, such as a yoga class or a marathon. Given this common activity, and somc other
optional activity or information, a sccured (or unsecured) local network can be cstablished, for

example, without explicit request by users 1301. Rather, the common activity and gencral
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permissions can facilitate cstablishment of an ad hoc network among band 1312, which, for
cxample, can ccasc to opcrate as nctwork once uscrs ccasc to participate in the common activity.

In at least some cxamples, the structures and/or functions of any of the above-described
fcaturcs can be implemented in software, hardware, firmware, circuitry, or a combination
thereof. Note that the structures and constituent elements above, as well as their functionality,
may be aggregated with one or more other structures or elements. Alternatively, the elements
and their functionality may be subdivided into constitucnt sub-clements, if any. As software, the
above-described techniques may be implemented using various types of programming or
formatting languages, frameworks, syntax, applications, protocols, objects, or techniques. As
hardware and/or firmware, the above-described techniques may be implemented using various
types of programming or integrated circuit design languages, including hardware description
languages, such as any register transfer language (“RTL”) configured to design field-
programmable gate arrays (“FPGAs™), application-specific integrated circuits (“ASICs™), or any
other type of integrated circuit. These can be varied and are not limited to the examplcs or
descriptions provided.

Although the foregoing cxamples have been described in some detail for purposes of
clarity of understanding, the above-described inventive techniques are not limited to the details
provided. There are many alternative ways of implementing the above-described invention

techniques. The disclosed examples are itlustrative and not restrictive.
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What is claimed:

1. A medical band, comprising;:

one or more sensors configured to gather data associated with at least one symptom of a
medical condition;

a memory configured to store the data and an application, the application being configured to
determine the medical condition using the data;

a processor configured to execute the application; and

a noftification facility configured to provide a notification upon receiving from the application

an instruction associated with the notification.

2. The medical band of claim 1, wherein the notification is associated with a drug
regimen,

3. The medical band of claim 1, wherein the notification is associated with a diet.

4. The medical band of claim 1, wherein the notification is configured to prompt
movement.

5. The medical band of claim 1, wherein the notification comprises an alarm.

6. The medical band of claim 1, wherein the one or more sensors comprises a plurality

of temperature sensors, one of the plurality of temperature sensors configured to gather data
associated with body temperature, another of the plurality of temperature sensors configured to
gather data associated with ambient temperature.

7. The medical band of claim 1, wherein the notification facility is configured to provide
a vibratory energy.

8. The medical band of claim 1, wherein the notification facility is configured to provide
an audio signal.

9. The medical band of claim 1, wherein the notification facility is configured to provide

a visual signal.

10. The medical band of claim 1, wherein the medical band is configured to be worn by
an animal.
11, The medical band of claim 1, wherein the one or more sensors is configured to gather

data associated with an indicator of an animal’s health.
12, The medical band of claim 1, wherein the application is configured to determine a

medical condition associated with an animal.
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13.  The medical band of claim 1, wherein the medical band is configured to provide a
notification using another device.
14. A medical diagnosis and monitoring system, comprising:

a medical band comprising one or more sensors configured to gather data associated
with at least one symptom of a medical condition and a communications facility configured to
communicate with another device;

a memory configured to store the data;
notification facility configured to provide a notification; and
an application implemented on the another device, the application configured to determine
the medical condition using the data and to provide an instruction to the medical band.
15. The medical diagnosis and monitoring system of claim 13, wherein the another
device comprises a computer.
16.  The medical diagnosis and monitoring system of claim 13, wherein the another
device comprises another medical band.
17.  The medical diagnosis and monitoring system of claim 13, wherein the another
device comprises a mobile communication device.
18. The medical diagnosis and monitoring system of claim 13, wherein the another
device comprises a mobile computing device.
19.  The medical diagnosis and monitoring system of claim 13, wherein the instruction is
associated with the notification.
20.  The medical diagnosis and monitoring system of claim 13, wherein the notification
facility is configured to provide a notification using a remote device.
21. The medical diagnosis and monitoring system of claim 20, wherein the notification is
provided using an application implemented on the remote device.
22.  The medical diagnosis and monitoring system of claim 20, wherein the medical band
is configured to be worn by a child and the remote device is operable by a caretaker.
23. A medical diagnosis and monitoring system, comprising:
a plurality of medical bands, each of the plurality of medical bands comprising one or
more sensors configured to gather data associated with at least one symptom of a medical condition
and a communications facility configured to communicate with another of the plurality of medical

bands;
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a memory configured to store the data;

a notification facility configured to provide a notification; and

an application implemented on one of the plurality of medical bands, the application
configured to determine the medical condition using the data and to provide to another of the

5  plurality of medical bands an instruction associated with the notification.
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