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AUTOMATED DETECTION AND CONFIGURATION OF WEARABLE
DEVICES BASED ON ON-BODY STATUS, LOCATION, AND/OR

ORIENTATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 62/1 18,843,

entitled "AUTOMATED DETECTION OF ON-BODY LOCATION OF A WEARABLE

DEVICE," filed February 20, 2015, and U.S. Provisional Application No. 62/171,414,

entitled "AUTOMATED DETECTION OF ON-BODY STATUS AND LOCATION OF A

WEARABLE DEVICE," filed June 5, 2015, each of which is hereby incorporated by

reference herein in its entirety, including drawings.

TECHNICAL FIELD

[0002] The present disclosure relates generally to sensors. More particularly, aspects of this

disclosure relate to sensors wearable on a body, such as a human body.

BACKGROUND

[0003] Integrated circuits (ICs) are the cornerstone of the information age and the foundation

of today's information technology industries. The integrated circuit, a.k.a. "chip" or

"microchip," is a set of interconnected electronic components, such as transistors, capacitors,

and resistors, which are etched or imprinted onto a semiconducting material, such as silicon

or germanium. Integrated circuits take on various forms including, as some non-limiting

examples, microprocessors, amplifiers, Flash memories, application specific integrated

circuits (ASICs), static random access memories (SRAMs), digital signal processors (DSPs),

dynamic random access memories (DRAMs), erasable programmable read only memories

(EPROMs), and programmable logic. Integrated circuits are used in innumerable products,

including computers (e.g., personal, laptop and tablet computers), smartphones, flat-screen

televisions, medical instruments, telecommunication and networking equipment, airplanes,

watercraft and automobiles.

[0004] Advances in integrated circuit technology and microchip manufacturing have led to a

steady decrease in chip size and an increase in circuit density and circuit performance. The

scale of semiconductor integration has advanced to the point where a single semiconductor

chip can hold tens of millions to over a billion devices in a space smaller than a U.S. penny.

Moreover, the width of each conducting line in a modern microchip can be made as small as



a fraction of a nanometer. The operating speed and overall performance of a semiconductor

chip (e.g., clock speed and signal net switching speeds) has concomitantly increased with the

level of integration. To keep pace with increases in on-chip circuit switching frequency and

circuit density, semiconductor packages currently offer higher pin counts, greater power

dissipation, more protection, and higher speeds than packages of just a few years ago.

[0005] The advances in integrated circuits have led to related advances within other fields.

One such field is sensors. Advances in integrated circuits have allowed sensors to become

smaller and more efficient, while simultaneously becoming more capable of performing

complex operations. Other advances in the field of sensors and circuitry in general have led

to wearable circuitry, a.k.a. "wearable devices" or "wearable systems." Within the medical

field, as an example, wearable devices have given rise to new methods of acquiring,

analyzing, and diagnosing medical issues with patients, by having the patient wear a sensor

that monitors specific characteristics. Related to the medical field, other wearable devices

have been created within the sports and recreational fields for the purpose of monitoring

physical activity and fitness. For example, a user may don a wearable device, such as a

wearable running coach, to measure the distance traveled during an activity (e.g., running,

walking, etc.), and measure the kinematics of the user's motion during the activity.

[0006] However, current wearable devices rely on a user to select whether the device is

coupled to or decoupled from the body (e.g., determine on-body status) and to select the

location and/or orientation of the device on the body. Current wearable devices also rely on a

user to enter such location and/or orientation information into the device and/or a system

associated with reading and processing the information provided by the wearable device (e.g.,

mobile device associated with the wearable device). This on-body status, location, and

orientation information is useful for the device (or system) to configure its operation

appropriately. Alternatively, current wearable devices are limited to deriving generic metrics

that are not location and/or orientation dependent. These shortcomings of current wearable

devices introduce burdens on the user and a possibility for making mistakes, such as

incorrectly placing and/or orientating the wearable device or incorrectly entering the location

and/or orientation of the wearable device. These shortcomings prevent a seamless experience

of using a wearable device and limit the functionality.

SUMMARY

[0007] According to some embodiments, an electronic device worn on a user includes one or

more sensors (e.g., accelerometers, skin temperature sensors). For example, the electronic



device can include one or more accelerometers that are configured to generate acceleration

information based on acceleration experienced by the electronic apparatus. The electronic

apparatus further includes a processor and one or more associated memories, and one or more

memories can include computer program code executable by the processor. The processor,

configured by the computer program code, causes the electronic device to process the

acceleration information to extract features from the acceleration information. The processor

can use the features to determine the location of the electronic device on the user, particularly

without user input.

[0008] In yet another aspect of the present concepts, a method is directed to determining a

location of a wearable device on a user as a function of sensor data and without user input.

The method includes generating sensor information (e.g., acceleration information) based on

environmental conditions (e.g., acceleration) experienced by the wearable device. The

generated acceleration information is then processed to extract features from the acceleration

information. The one or more features are then processed to determine the location of the

wearable device (or sensor) on the user, without user input.

[0009] According to further aspects of the present concepts, an electronic device worn on a

user that includes one or more accelerometers is disclosed. The one or more accelerometers

are configured to generate acceleration information based on acceleration experienced by the

electronic device during a first period of time or for a set of sensor data points. The

electronic device further includes a processor and one or more associated memories, and at

least one of the memories can include computer program code. The processor, according to

the computer program code, can be configured to control the electronic device and cause the

electronic device to extract features from the acceleration information. The features

characterize the acceleration information during the first period of time. The processor can

be further configured to cause the electronic device to determine the location of the wearable

device (or sensor) on the user as one of a plurality of predefined locations based on the

features. Further, the processor can be configured by the computer program code to cause the

electronic device to configure the functionality of the device based on the detected location

and, optionally, one or more location-specific metrics associated with the one of the plurality

of predefined locations.

[0010] In accordance with another aspect of the present concepts, a method is directed to

configuring a wearable device based on the wearable device determining its location on a

user as a function of sensor information without input from the user. The method can include

determining acceleration information during a first period of time (or for a set of sensor data



points) based on one or more accelerometers included within the wearable device. One or

more features are then extracted from the acceleration information, in which the one or more

features characterize the acceleration information during the first period. The location of the

wearable device is then determined as one of a plurality of predefined locations based on the

one or more features. The wearable device is then configured based on the location and,

optionally, one or more location-specific metrics associated with the one of the plurality of

predefined locations.

[0011] According to further aspects of the present concepts, a wearable electronic device is

disclosed. The wearable electronic device can be adhered to the body by an adhesive or

positioned against the body by straps or clothing. The electronic device can include a

temperature sensor configured to measure temperature information associated with the

electronic device. The electronic device also includes a processor and one or more associated

memories. The one or more associated memories include computer program code executable

by the processor. The processor can be configured by the computer program code to cause

the electronic device to process the temperature information to determine a temperature, a

change in temperature, a rate of change in temperature, or a combination thereof, and

determine an on-body status of the electronic device on the user based on the temperature, the

change in temperature, the rate of the change in temperature, or a combination thereof.

[0012] In accordance with another aspect of the present concepts, a method is directed to

determining a status of an electronic device. The method includes measuring temperature

information associated with the electronic device based on a temperature sensor that forms a

part of the electronic device, processing the temperature information to determine a

temperature, a change in temperature, a rate of change in temperature, or a combination

thereof, and determining an on-body status of the electronic device based, at least in part, on

the temperature, the change in temperature, the rate of change in temperature, or a

combination thereof. For example, the temperature sensor of the electronic device can be

positioned against the body and used to determine the temperature of that portion of body

(e.g., skin temperature).

[0013] According to yet another aspect of the present concepts, a method is directed to

configuring a wearable device. The method includes generating acceleration information

based on acceleration experienced by one or more motion sensors within the wearable device.

The method further includes measuring temperature information experienced by the wearable

device based on a temperature sensor within the wearable device. The method also includes

determining an on-body status of the wearable device based on the acceleration information,



the temperature information, or a combination thereof. The method additionally includes

configuring functionality of the wearable device based, at least in part, on the on-body status.

[0014] According to additional aspects, an electronic device worn on a user includes one or

more accelerometers and temperature sensors configured to generate acceleration information

and temperature information based on acceleration and skin temperature experienced by the

electronic device. The electronic device further includes a processor and memory, the

memory including computer program code. The memory and the computer program code are

configured to, with the processor, cause the electronic device to process the acceleration and

skin temperature information to extract features from the acceleration information. The

memory and the computer program code are further configured to, with the processor, cause

the electronic device to process the features to determine a location of the electronic device

on the user.

[0015] According to another aspect, an electronic device worn on a user is disclosed. The

electronic device includes at least two electrical contacts configured to detect an electrical

signal at the surface of the user. In particular, the electrical signal is an electrocardiogram

signal. The device further includes an accelerometer configured to generate acceleration

information experienced by the at least two electrical contacts, a processor, and one or more

associated memories. The one or more associated memories include computer program code

executable by the processor which causes the electronic device to acquire the electrical signal

at the surface of the user through the at least two electrical contacts. The computer program

code executable by the processor further causes the electronic device to process the

acceleration information generated by the accelerometer to determine an orientation of the at

least two electrical contacts relative to the user, and determine which limb lead

electrocardiogram signal the electrical signal represents based on the orientation.

[0016] Further aspects of the present disclosure include a sensor system worn on a surface of

a user. The sensor system includes at least three wearable devices located at three different

locations on the surface. Each wearable device includes a pair of electrical contacts

configured to detect an electrical signal at the surface; the electrical signal being specifically

an electrocardiogram signal. Each wearable device also includes an accelerometer

configured to generate acceleration information experienced by the wearable device. The

system further includes a processor and one or more associated memories. The one or more

associated memories include computer program code executable by the processor that causes

the processor to cause the three pairs of electrical contacts to acquire electrical signals, each

electrical signal being from one of the three different locations at the surface of the user. The



computer program code executable by the processor further causes the processor to process

the acceleration information generated by the three accelerometers to determine orientations

of the three pairs of electrical contacts relative to the user. The computer program code

executable by the processor further causes the processor to assign limb leads to the electrical

signals based on the orientations of the three pairs of electrical contacts.

[0017] Additional aspects include a method of classifying an electrical signal within an

electrocardiography process. The method includes attaching a wearable device to a surface

of a user. The wearable device includes a pair of electrical contacts configured to detect an

electrical signal at the surface of the user. Specifically, the electrical signal is an

electrocardiogram signal. The wearable device further includes an accelerometer configured

to generate acceleration information experienced by the pair of electrical contacts. The

method further includes detecting the electrical signal at the surface of the user with the pair

of electrical contacts. The method further includes determining an orientation of the pair of

electrical contacts relative to the user based on the acceleration information, and determining

whether the electrical signal represents a Lead I, Lead II, or Lead III electrocardiogram signal

based on the orientation.

[0018] The above summary is not intended to represent each embodiment or every aspect of the

present disclosure. Rather, the foregoing summary merely provides an exemplification of some

of the novel aspects and features set forth herein. The above features and advantages, and other

features and advantages of the present disclosure, will be readily apparent from the following

detailed description of representative embodiments and modes for carrying out the present

invention when taken in connection with the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The disclosure will be better understood from the following description of exemplary

embodiments together with reference to the accompanying drawings, in which:

[0020] FIG. 1 illustrates a wearable device in accord with aspects of the present disclosure;

[0021] FIG. 2 illustrates a plot of temperature information detected by a wearable device

versus time in accord with aspects of the present disclosure;

[0022] FIG. 3 illustrates exemplary locations of a wearable device on a user in accord with

aspects of the present disclosure;

[0023] FIG. 4 illustrates a general flow diagram for determining a location of a wearable

device on a user based on acceleration information in accord with aspects of the present

disclosure;



[0024] FIG. 5 illustrates an exemplary decision tree related to acceleration information in

accord with aspects of the present disclosure;

[0025] FIG. 6 illustrates an exemplary principal component analysis plot related to

acceleration information in accord with aspects of the present disclosure;

[0026] FIG. 7 illustrates an overall process flow for determining location-specific metrics to

activate on a wearable device based on acceleration information in accord with aspects of the

present disclosure;

[0027] FIG. 8 illustrates a plot of acceleration information detected by a wearable device

versus time in accord with aspects of the present disclosure;

[0028] FIG. 9 illustrates a state diagram with respect to an on-body status and location of a

wearable device in accord with aspects of the present disclosure;

[0029] FIG. 1OA is a flowchart illustrating a process for determining an on-body status of the

wearable device in accord with aspects of the present disclosure;

[0030] FIG. 10B is a flowchart illustrating a process for determining a location of a wearable

device on a user based on acceleration information in accord with aspects of the present

disclosure;

[0031] FIG. IOC is a flowchart illustrating a process for configuring functionality of a

wearable device based on its location on a user in accord with aspects of the present

disclosure;

[0032] FIG. 10D is a flowchart illustrating a process for validating the determination of the

location of the wearable device in accord with aspects of the present disclosure;

[0033] FIG. 11A shows the electrode arrangement for detecting Lead I of the lead limbs on

the human body in accord with aspects of the present disclosure;

[0034] FIG. 1IB shows the electrode arrangement for detecting Lead II of the lead limbs on

the human body in accord with aspects of the present disclosure;

[0035] FIG. l l C shows the electrode arrangement for detecting Lead III of the lead limbs on

the human body in accord with aspects of the present disclosure;

[0036] FIG. 12 shows elements of a normal electrocardiography (ECG) tracing in accord

with aspects of the present disclosure;

[0037] FIG. 13 shows a schematic view of wearable devices arranged for measuring

electrocardiography signals in accord with aspects of the present disclosure;

[0038] FIG. 14 shows the wearable devices of FIG. 13 arranged on the chest of a user for

measuring electrocardiography signals in accord with aspects of the present disclosure; and



[0039] FIG. 15 shows example ECG signals measured by the wearable devices of FIGS. 13

in accord with aspects of the present disclosure.

[0040] The present disclosure is susceptible to various modifications and alternative forms,

and some representative embodiments have been shown by way of example in the drawings

and will be described in detail herein. It should be understood, however, that the invention is

not intended to be limited to the particular forms disclosed. Rather, the disclosure is to cover

all modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0041] This disclosure is susceptible of embodiment in many different forms. There are

shown in the drawings, and will herein be described in detail, representative embodiments

with the understanding that the present disclosure is to be considered as an exemplification of

the principles of the present disclosure and is not intended to limit the broad aspects of the

disclosure to the embodiments illustrated. To that extent, elements and limitations that are

disclosed, for example, in the Abstract, Summary, and Detailed Description sections, but not

explicitly set forth in the claims, should not be incorporated into the claims, singly or

collectively, by implication, inference, or otherwise. For purposes of the present detailed

description, unless specifically disclaimed: the singular includes the plural and vice versa;

and the word "including" means "including without limitation." Moreover, words of

approximation, such as "about," "almost," "substantially," "approximately," and the like, can

be used herein in the sense of "at, near, or nearly at," or "within 3-5% of," or "within

acceptable manufacturing tolerances," or any logical combination thereof, for example.

[0042] FIG. 1 shows an example of a wearable device 100 in accord with aspects of the

present disclosure. The wearable device 100 provides conformal sensing capabilities,

providing mechanically transparent close contact with a surface (such as the skin or other

portion of the body) to provide measurement and/or analysis of physiological information.

According to some embodiments, the wearable device 100 senses, measures, or otherwise

quantifies the motion of at least one body part of a user upon which the wearable device 100

is located. Additionally, or in the alternative, according to some embodiments, the wearable

device 100 senses, measures, or otherwise quantifies the temperature of the environment of

the wearable device 100, including, for example, the skin and/or body temperature at the

location that the wearable device 100 is coupled to the body of a user. Additionally, or in the



alternative, according to some embodiments, the wearable device 100 senses, measures, or

otherwise quantifies other characteristics and/or parameters of the body (e.g., human or

animal body) and/or surface of the body, including, for example, electrical signals associated

with cardiac activity (e.g., ECG), electrical signals associated with muscle activity (e.g.,

electromyography (EMG)), changes in electrical potential and impedance associated with

changes to the skin, electrical signals of the brain (e.g., electroencephalogram (EEG)),

bioimpedance monitoring (e.g., body-mass index, stress characterization, and sweat

quantification), and optically modulated sensing (e.g., photoplethysmography and pulse-wave

velocity), and the like.

[0043] The wearable device 100 described herein can be formed as a patch. The patch can be

flexible and stretchable, and can be formed from conformal electronics and conformal

electrodes disposed in or on a flexible and/or stretchable substrate. Alternatively, the

wearable device 100 may be rigid but otherwise attachable to a user. Thus, the wearable

device 100 can be any device that is wearable on a user, such as coupled to the skin of the

user, to provide measurement and/or analysis of physiological information of the user. For

example, the wearable device can be adhered to the body by adhesive, held in place against

the body by tape or straps, or held in place against the body by clothing.

[0044] In general, the wearable device 100 device of FIG 1 can include a processor 101 and

associated memory storage module 103. The wearable device 100 further includes one or

more sensors, such as an accelerometer 105 and/or a temperature sensor 113. The wearable

device 100 can optionally include one or more wireless transceivers, such as transceiver 107,

for communicating with other devices. The wearable device 100 can also include a power

source 109 that provides power for the components of the wearable device 100. In

accordance with some embodiments, the wearable device 100 can be configured to draw

power from a wireless connection or an electromagnetic field (e.g., an induction coil, an NFC

reader device, microwaves, and light).

[0045] The processor 101 can be a controller that is configured to control the wearable device

100 and components thereof based on computer program code. Thus, the processor 101 can

control the wearable device 100 to measure and quantify data indicative of temperature,

motion and/or other physiological data, and/or analyze such data indicative of temperature,

motion and/or other physiological data according to the principles described herein.

[0046] The memory storage module 103 can be configured to save the generated sensor data

(e.g., accelerometer 105 information, temperature sensor 113 information, or other

physiological information, such as ECG, EMG, etc.) or information representative of



acceleration and/or temperature and/or other physiological information derived from the

sensor data. Further, according to some embodiments, the memory storage module 103 can

be configured to store the computer program code that controls the processor 101. In some

implementations, the memory storage module 103 can be volatile and/or non-volatile

memory. For example, the memory storage module 103 can include flash memory, static

memory, solid state memory, removable memory cards, or any combination thereof. In

certain examples, the memory storage module 103 can be removable from the wearable

device 100. In some implementations, the memory storage module 103 can be local to the

wearable device 100, while in other examples the memory storage module 103 can be remote

from the wearable device 100. For example, the memory storage module 103 can be internal

memory of a smartphone that is in wired or wireless communication with the wearable device

100, such as through radio frequency communication protocols including, for example, WiFi,

Zigbee, Bluetooth®, and near-field communication (NFC), and/or optically using, for

example, infrared or non-infrared LEDs. In such an example, the wearable device 100 can

optionally communicate with the smartphone via an application (e.g., program) executing on

the smartphone.

[0047] In some embodiments, the generated data, including the temperature information, the

acceleration information, and/or the other physiological information (e.g., ECG, EMG, etc.),

can be stored on the memory storage module 103 for processing at a later time. Thus, in

some embodiments, the wearable device 100 can include more than one memory storage

module 103, such as one volatile and one non-volatile memory storage module 103. In other

examples, the memory storage module 103 can store the information indicative of motion

(e.g., acceleration information), temperature information, physiological data, or analysis of

such information indicative of motion, temperature, physiological data according to the

principles described herein, such as storing historical acceleration information, historical

temperature information, historical extracted features, and/or historical locations. The

memory storage module 103 can also store time and/or date information about when the

information was received from the sensor.

[0048] Although described as the processor 101 being configured according to computer

program code, the functionality of the wearable device 100 can be implemented based on

hardware, software, or firmware or a combination thereof. For example, the memory storage

module 103 can include computer program code that can be retrieved and executed by the

processor 101. The processor 101 executes the computer program code that implements the

functionality discussed below with respect to determining the on-body status of the wearable



device 100, the location of the wearable device 100 on a user, and configuring functionality

of the wearable device 100. Alternatively, one or more other components of the wearable

device 100 can be hardwired to perform some or all of the functionality.

[0049] The power source 109 can be any type of power source for an electronic device, such

as, but not limited to, one or more electrochemical cells or batteries, one or more capacitors,

one or more photovoltaic cells, one or more piezoelectric elements, or a combination thereof.

The one or more electrochemical cells or batteries can be rechargeable or non-rechargeable.

In the case of the photovoltaic cells, the cells can charge one or more electrochemical cells

and/or batteries. In accordance with some embodiments, the power source 109 can be a small

battery or capacitor that stores enough energy for the device to power up and execute a

predefined program sequence before running out of energy, for example, an NFC sensing

device. In this embodiment, when an NFC reader is placed in proximity to the NFC device,

the NFC reader's electromagnetic field induces a charging current in the coil of the NFC

device that enables the device to power up and execute some or all of its computer program

code.

[0050] As discussed above, the wearable device 100 further includes one or more sensors,

such as the accelerometer 105, the temperature sensor 113, and/or electrical contacts 115

(e.g., electrical contacts or electrodes). In accordance with some embodiments, one or more

of the sensors, such as accelerometer 105 and/or electrical contacts 115, can be separate

components from the wearable device 100. That is, the wearable device 100 can be

connected (by wire or wirelessly) to each sensor (e.g., accelerometer 105, temperature sensor

113, electrical contacts 115). This enables the wearable device 100 to sense information at

one or more locations that are remote from the wearable device 100. In accordance with

some embodiments, the wearable device 100 can include one or more integral sensors in

addition to one or more remote sensors.

[0051] The accelerometer 105 measures and/or generates acceleration information indicative

of a motion and/or acceleration of the wearable device 100, including information indicative

of a user wearing, and/or body parts of the user wearing, the wearable device 100. In

accordance with one embodiment, the accelerometer 105 within the wearable device 100

includes a 3-axis accelerometer that generates acceleration information with respect to the x-

axis, the y-axis, and the z-axis of the accelerometer based on the acceleration experienced by

the wearable device 100. Alternatively, the wearable device 100 can include three

independent accelerometers (not shown for illustrative convenience) that each generate

acceleration information with respect to a single axis, such as the x-axis, the y-axis, or the z-



axis of the wearable device 100. Alternatively, the wearable device 100 can include an

inertial measurement unit (FMU) that measures the velocity, the orientation, and the

acceleration using a combination of one or more accelerometers, gyroscopes, and

magnetometers. Thus, although generally referred to herein as an accelerometer 105, the

accelerometer 105 can be any motion sensing element or combination of elements that

provides acceleration information.

[0052] According to some embodiments, the accelerometer 105 includes a detection range of

±4 times the force of gravity (Gs). However, the range can vary, such as being ±10 Gs or ±2

Gs. Further, the accelerometer 105 can have a sampling rate of 50 hertz (Hz) such that each

second the accelerometer 105 generates 150 points of acceleration information, or 50 points

within each axis. However, the sampling rate can vary, such as being 20 Hz to 100 Hz.

[0053] According to some embodiments, one or more sensors of the wearable device 100,

such as the accelerometer 105, can include a built-in temperature sensor, such as the

temperature sensor 111 within the accelerometer 105. For example, the temperature sensor

111 within the accelerometer 105 can be used to calibrate the accelerometer 105 over a wide

temperature range and to measure the temperature of the area of the body that the

accelerometer 105 is coupled to. Other temperature sensors included with other device

components can also be used. Other than the accelerometer 105, and temperature sensor 111,

other subcomponents or elements of the wearable device 100 can include one or more

microelectromechanical system (MEMS) components within the wearable device 100 that is

designed to measure motion or orientation (e.g., angular-rate gyroscope, etc.). Alternatively,

or in addition, the wearable device 100 can include a discrete temperature sensor, such as the

temperature sensor 113 which can be positioned in a different location from the wearable

device 100. The wearable device 100 can use the temperature information detected by the

temperature sensor 111 and/or the temperature sensor 113 according to various methods and

processes, as discussed in greater detail below. For purposes of convenience, reference is

made below to the temperature sensor 111 . However, such reference is not limited to apply

only to the temperature sensor 111, but applies to any one or more temperature sensors within

or connected to the wearable device 100.

[0054] The electrical contacts 115 are formed of conductive material (e.g., copper, silver,

gold, aluminum, etc.) and provide an interface between the wearable device 100 and the skin

106a, or the sensor node 104 and the air gap between the sensor node 104 and the skin of the

user, for receiving electrical signals (e.g., ECG, EMG, etc.) from the skin. The electrical

contacts 115 can include one or more electrical contacts 115, such as two electrical contacts



115. With two electrical contacts 115, one contact can be electrically configured as a positive

contact and the other contact can be electrically configured as a negative contact. However,

in some aspects, there may be more than two electrical contacts, such as four electrical

contacts 115 (e.g., two positive and two negative electrical contacts), six electrical contacts

115, etc.

[0055] In addition to the above-described components, the wearable device 100 can include

one or more additional components without departing from the spirit and scope of the present

disclosure. Such components can include a display (e.g., one or more light-emitting diodes

(LEDs), liquid crystal display (LCD), organic light-emitting diode (OLED)), a speaker, a

microphone, a vibration motor, a barometer, a light sensor, a photoelectric sensor, or any

other sensor for sensing, measuring, or otherwise quantifying parameters and/or

characteristics of the body. In other embodiments of the invention, the wearable device 100

can include components for performing one or more additional sensor modalities, such as, but

not limited to, hydration level measurements, conductance measurements, and/or pressure

measurements. For example, the wearable device 100 can be configured to, or include one or

more components that, perform any combination of these different types of sensor

measurements, in addition to the accelerometer 105 and temperature sensor 111 .

[0056] Referring back to the temperature sensor 111, according to some embodiments, the

primary purpose of the temperature sensor 111 is for calibrating the accelerometer 105.

Accordingly, the temperature sensor 111 does not rely on direct contact to an object to detect

the temperature. By way of example, the temperature sensor 111 does not require direct

contact to the skin of a user when coupled to the user to determine the skin temperature. For

example, the skin temperature affects the temperature information generated by the wearable

device 100 without direct contact between the temperature sensor 111 and the skin.

Accordingly, the temperature sensor 111 can be fully encapsulated and, therefore, be

waterproof for greater durability. The thermal conductivity of the encapsulating material can

be selected to control the ability of the temperature sensor 111 to detect the temperature

without direct contact.

[0057] Temperature information generated by the temperature sensor 111 can be used by the

wearable device 100 to determine an on-body status of the wearable device 100. Detection of

the on-body status allows the wearable device 100 to automatically determine when the

device is or is not coupled to a user. As will be discussed in greater detail below,

functionality of the wearable device 100 (e.g., the computer program executed and/or

components activated) can be selected or changed based on the detected on-body status.



[0058] The wearable device 100 can use the temperature information from the temperature

sensor 111 based on the relationship that exists between the detected temperature information

when the wearable device 100 is coupled to the body versus when the wearable device 100 is

not coupled the body. More specifically, the wearable device 100 can use the difference

between ambient air temperature and the skin temperature of the user to determine on body

status.

[0059] When the wearable device 100 is coupled to the body, the measured temperature is

primarily influenced by the skin temperature at the coupling location. In contrast, when the

wearable device 100 is not coupled to the body, the measured temperature is primarily

influenced by the ambient air temperature. That is, in general, when coupled to the body of

the user, the heat generated by the user's body elevates the measured temperature to greater

than the ambient air temperature. For most ambient air temperatures, the skin temperature at

the coupling location is greater than the ambient air temperature. Thus, the wearable device

100 being off the body versus on the body is reflected in the changes of the temperature

information generated by the temperature sensor 111 .

[0060] The temperature information can be used to determine an on-body state of the

wearable device 100. The temperature information can be raw temperature information (e.g.,

un-scaled) or normalized temperature information (e.g., scaled). Such normalization can

include relating the raw temperature information to a specific temperature scale, such as

Celsius, Fahrenheit, etc. Further, the temperature information detected by the temperature

sensor 111 can include the temperature (raw or normalized), the change in temperature,

and/or the rate of change in temperature. Depending on one or more of the temperature, the

change in temperature, and the rate of change in temperature, the wearable device 100 can

determine the on-body state by, for example, comparing the temperature, change in

temperature, or rate of change in temperature to an ambient temperature value or a predefined

value (e.g., from a lookup table or a decision tree).

[0061] By way of example, and without limitation, during a first state or period, the

temperature sensor 111 within the wearable device 100 may generate a detected normalized

temperature of 20°C. Subsequently, the wearable device 100 may generate a detected

normalized temperature of 31°C. The normalized temperatures can be used to determine the

on-body status of the wearable device 100. According to some embodiments, the

temperature (e.g., 31°C) alone indicates the on-body status of the wearable device 100. One

or more specific temperature values (e.g., scaled or un-scaled) can be correlated to an on-



body status, such as on the body or off of the body. Accordingly, when one of the specific

temperature values is reached (or a temperature change is reached), the wearable device 100

determines on-body status accordingly. Alternatively, or in addition, one or more thresholds

may be previously correlated to an on-body status. Accordingly, when one of the thresholds

is met, the wearable device 100 determines its on-body status accordingly. By way of

example, and without limitation, a threshold may be 24°C such that a temperature above

24°C correlates to the wearable device 100 being on the body.

[0062] According to some embodiments, the wearable device 100 can include machine

learning to, for example, modify the thresholds based on repeated usage of the wearable

device 100, such that the on-body status (and/or specific locations) determined by one

sensing modality (e.g., accelerometer based location) can be used to update the thresholds or

indicators for use with another sensing modality (e.g., temperature). Further, according to

some embodiments, specific individuals have specific heat signatures or variations in

temperature with respect to location of the wearable device 100. Thus, according to some

embodiments, the wearable device 100 can use historical temperature information to

determine the identity of the user wearing the wearable device 100, in addition to determining

the on-body status. The determination as to the identity of the wearer of the wearable device

100 can also use information from one or more of the components of the wearable device

100.

[0063] According to some embodiments, the change in temperature (e.g., 20°C to 31°C)

indicates the on-body status of the wearable device 100. The wearable device 100 can use

the change in temperature to omit false on-body statuses that are based on, for example,

elevated ambient temperatures. By way of example, depending on certain locations and/or

activities, the ambient air temperature's effect on the temperature sensor 111 may give a false

on-body status. Accordingly, the change in temperature can be used to determine the on-

body status in which a lower temperature is used as an indicator of, for example, the ambient

air temperature (e.g., the wearable device 100 not coupled to the body). A change in

temperature from, for example, 20°C to 31°C can indicate that the wearable device 100 went

from being off of the body (e.g., in an ambient air environment at 20°C) to being on the body

and now registering a temperature of 31°C (e.g., body surface temperature).

[0064] Along with the temperature information, the temperature sensor 111, or another

sensor or component within the wearable device 100 (e.g., processor 101, transceiver 107,

etc.), can measure time or can generate information based on a set rate (e.g., 1 measurement



every three seconds). The measured time can be correlated to the temperature information.

Such correlation of the time to the temperature information can be used for determining the

on-body state of the wearable device 100. For example, the rate of change in temperature

(e.g., 20°C to 31°C over the course of, for example, 30 seconds) can indicate the on-body

status of the wearable device 100. Whereas, for example, the rate of change in temperature

(e.g., 20°C to 31°C over the course of, for example, 30 minutes) can indicate the wearable

device 100 is left in the sun or a hot car and this information can combined with other sensor

data, such as accelerometer data, to confirm a lack of movement. Using both the change in

the temperature and the time during which the change occurred to obtain the rate can further

eliminate false on-body statuses, such as eliminating the ambient air temperature changing

over a period of time, which could possibly provide a false on-body status.

[0065] FIG. 2 illustrates a plot of un-scaled temperature information (y-axis) versus time (x-

axis), in accord with some aspects of the present concepts. Specifically, FIG. 2 includes three

time periods, time period 201a, time period 201b, and time period 201c. During time period

201a, the wearable device 100 is coupled to the body of a user. Accordingly, the un-scaled

temperature information remains generally between 500 and 600. During time period 201b,

the wearable device 100 is not coupled to the body. As shown in the plot, the un-scaled

temperature lowers to between 350 to 400. During time period 201c, the wearable device

100 is coupled to the body. Accordingly, the un-scaled temperature information reverts back

to between 500 to 600.

[0066] According to some embodiments, the un-scaled temperature measurement between

500 to 600 indicates an on-body state of the wearable device 100 being on the body. Further,

the un-scaled temperature measurement between 350 to 400 indicates an on-body state of the

wearable device 100 being off of the body.

[0067] According to some embodiments, if the wearable device 100 includes multiple

temperature sensors, such as both the discrete temperature sensor 113 and the temperature

sensor 111 of the accelerometer 105, information from the multiple temperature sensors can

be combined to improve the accuracy of the temperature information. By way of example, an

internal temperature sensor in an element of the wearable device 100 and/or a discrete

temperature sensor can be used to determine a baseline temperature, such as to determine the

ambient air temperature. A second internal temperature sensor in an element of the wearable

device and/or a discrete temperature sensor can be used to determine the skin temperature if

adjacent to the body of a user as compared to the first temperature sensor. For example, one



temperature sensor may be located on the side of the wearable device 100 for determining the

skin temperature, if coupled to the body. A second temperature sensor may be located on the

opposite side of the wearable device 100. If both temperature sensors detect the same, or

approximately the same, temperature, the temperature represents the ambient air temperature

with the wearable device 100 not coupled to the body of a user. However, if the temperature

sensor on the skin side of the wearable device 100 detects a higher temperature than the

temperature sensor on the ambient air side of the wearable device, the difference in

temperature indicates that the wearable device 100 is coupled to the skin of a user.

[0068] According to some embodiments, the change in the un-scaled temperature

measurement from between 500 to 600 to between 350 and 400 indicates an on-body status

of the wearable device 100 being off of the body (e.g., off-body state). Further, the change in

the un-scaled temperature measurement from between 350 to 400 to between 500 to 600

indicates an on-body status of the wearable device 100 being on the body (e.g., on-body

state).

[0069] According to some embodiments, the change in the un-scaled temperature

measurement from between 500 to 600 to between 350 and 400 and over the course of a short

period of time (e.g., several minutes or less) indicates an off-body state. Further, the change

in the un-scaled temperature measurement from between 350 to 400 to between 500 to 600

and over the course of a short time period (e.g., several minutes or less) indicates an on-body

state.

[0070] As shown in FIG. 2, the temperature detected by the temperature sensor 111 spikes to

higher values in response to coupling the wearable device 100 to the skin of a user. When the

wearable device 100 is removed from the skin of the user, the exact opposite phenomena

occurs—the temperature sensor detects a sudden decrease in temperature. Further, as shown

in FIG. 2, the sudden increase and decrease in temperature are different than the modulations

in the temperature values while the wearable device 100 is coupled or is not coupled to the

skin of the user. By way of example, and without limitation, such modulations can be caused

by natural shifts in body temperature or by changes in the ambient air environment.

[0071] With the wearable device 100 having the ability to determine its on-body status based

on temperature, the wearable device 100 can alter its functionality accordingly. Based on the

temperature information indicating that the wearable device 100 is on the body (e.g., on-body

state), the wearable device 100 can operate in, for example, a data collection mode with

respect to the other elements and functionality of the wearable device 100. Based on the

temperature information indicating that the wearable device 100 is off the body (e.g., off-



body state), the wearable device 100 can operate in an idle mode or turn off. In some

embodiments, a detection based on temperature that the wearable device 100 is not on the

body can turn off all functionality of the wearable device except for the temperature sensor

111 to conserve resources (e.g., power). However, with the temperature sensor 111 still

functioning, the wearable device 100 can transition out of idle or off mode based on the

temperature information from the temperature sensor 111 indicating that the wearable device

100 is now on the body. Further, although primarily disclosed as either an on or data

collection mode and an idle or off mode, any functionality of the wearable device 100 can be

turned on or off, or put into an idle mode, based on the on-body state.

[0072] In addition to processing temperature information to detect the on-body status, the

wearable device 100 also can process the temperature information to determine its location

on the body. That is, body temperature varies relative to the distance from the body's core.

At locations at or near the core, such as the torso, body temperature is the greatest. At

locations distant from the core, such as the limbs, body temperature is the smallest. This

relationship exists both internally and externally (e.g., skin temperature). Based on this

relationship, the wearable device 100 can determine its location on the body based on

differences in the magnitude of the detected temperature.

[0073] According to some embodiments, the location of the wearable device 100 on the body

is determined based on a correlation between the temperature detected by the wearable device

100 off of the body and the temperature detected by the wearable device 100 on the body.

The temperature detected by the wearable device 100 off of the body provides, for example,

an indication of the ambient air temperature. With the ambient air temperature as a baseline,

the temperature information detected by the wearable device 100 on the body can indicate the

location of the wearable device.

[0074] FIG. 3 illustrates various possible locations of the wearable device 100 on a user 301,

in accord with some aspects of the present concepts. Specifically, FIG. 3 shows wearable

devices 303a-303j (e.g., multiple wearable devices 100) located about the user 301.

Wearable device 303a is located on the head (e.g., forehead) of user 301 and may be for

monitoring various electrical characteristics of the brain. Wearable device 303b is located on

the neck of the user 301 and may be for monitoring the user's heart rate. Wearable device

303c is located on the chest of the user 301 and may be for monitoring cardiac activity of the

user 301. Wearable device 303d is located on the upper arm of the user 301 and may be for

monitoring muscle activity of the biceps and/or triceps of the user 301. Wearable device

303e is located on the lower abdomen of the user 301 and may be for monitoring blood flow



and/or posture of the user 301. Wearable device 303f is located on the lower arm of the user

301 and may be for monitoring the pulse of the user 301 during an activity, such as walking,

running, swimming, etc. Wearable device 303g is located on the hand of the user 301 and

may be for monitoring blood oxygen levels. Wearable device 303h is located on the upper

leg of the user 301 and may be for monitoring muscle activity of the upper leg. Wearable

device 303i is located on the lower leg of the user 301, such as at the ankle, and may be for

monitoring foot strikes of the foot of the user 301. Wearable device 303j is located on the

foot of the user 301 and may be for monitoring foot strikes of the user.

[0075] In view of the various possible locations of the wearable device 100 (e.g., wearable

devices 303a-303j), the temperature information from the temperature sensor 111 may be

used to determine the location of the wearable device 100 at one of the various locations.

Table 1 lists exemplary temperature measurements of a wearable device 100 at some of the

locations discussed in FIG. 3, in accord with some aspects of the present concepts.

TABLE 1

[0076] By way of example, and without limitation, the locations include the upper arms (e.g.,

wearable device 303d), the lower arms (e.g., wearable device 303f), the hands (e.g., wearable

device 303g), the upper legs (e.g., wearable device 303h), the lower legs (e.g., wearable

device 303i), the feet (e.g., wearable device 303j), the head or neck (e.g., wearable device

303a or 303b), and the trunk (e.g., wearable device 303e). The various ambient air

temperatures are, for example, 20°C, 25°C, 30°C, and 35°C.

[0077] As shown in Table 1, segments of the body that are closer to the core are associated

with higher temperature measurements. For example, the temperature at the trunk is about

seven degrees higher than the temperature at the hands for an ambient air temperature of

20°C. Based on the differences in the temperature measurements at the various segments,

temperature information from the temperature sensor 111 within the wearable device 100

allows the wearable device 100 to determine its location on the body (e.g., user 301).



[0078] At lower ambient temperatures, differences between temperature measurements at the

various segments are more pronounced than at higher ambient temperatures. Given the

average core body temperature of about 37°C, as the ambient air temperature approaches the

core body temperature of 37°C, it is more difficult to distinguish between locations of the

wearable device 100. Accordingly, according to some embodiments, the determination of the

location of the wearable device 100 based solely on temperature may be limited to conditions

in which the ambient air temperature is less than a threshold value. By way of example, and

in view of the temperature measurements of Table 1, the threshold value can be 30°C. Once

the location of the wearable device 100 is determined, functionality of the wearable device

100 can be configured accordingly, as is discussed in greater detail below.

[0079] The wearable device 100 can use data over a fixed time interval or a fixed number of

samples to determine location of the device. Specifically, the wearable device 100 can select

a set of one or more time and/or frequency domain features. Exemplary features with respect

to the temperature information include, for example, mean, maximum, minimum, range,

standard deviation, skewness, kurtosis, and power of the temperature signal within each time

interval. Baseline values of these features could be extracted from a training dataset of

temperature values measured at various body locations during several characteristic activities

completed in a range of ambient temperatures and across several subjects. Specifically,

changes in some features above certain thresholds could be used to characterize state

transitions (i.e., between on-body, off-body, and on-charger), and the location of the device

after each state transition could be identified as the location that minimizes a normalized

Euclidian distance measure characterizing the distance between the current sample and the

baseline of each location in feature space. While this embodiment utilizes a k-means (or k-

medians) approach for classifying device location, classification can occur using any of the

modeling techniques listed herein.

[0080] Referring back to the accelerometer 105, acceleration information generated by the

accelerometer 105 can be processed to determine the location of the wearable device 100 on

the body of the user independent of, or in combination with, determination of the location

based on the temperature information. According to some embodiments, the wearable device

100 (e.g., the processor 101) processes the acceleration information to extract features from

the acceleration information. The acceleration information generated by the accelerometer

105 can be processed continuously, periodically, and/or on demand by the wearable device

100. The acceleration information can be collected over a predefined period of time or for a



predefined number or set of data points. Specifically, the wearable device 100 extracts a set

of one or more time and/or frequency domain features. Exemplary features with respect to

the acceleration information include acceleration signal range, minimum acceleration value,

maximum acceleration value, mean acceleration value, root mean square (RMS) acceleration

value, signal entropy, line length, mean cross ratio, range ratio, dominant frequency, ratio of

dominant frequency power to sum of power in the frequency spectrum, and spectral entropy.

The specific features extracted from the acceleration information provide specific details or

characteristic information about the acceleration experienced by the wearable device and

user.

[0081] According to some embodiments, a feature can be based on the dominant frequency of

the acceleration information and the energy of the dominant frequency. Alternatively, or in

addition, a feature may be based on a range of frequencies and/or multiple dominant

frequencies (e.g., top five dominate frequencies). Another feature can be based on the scale

of the acceleration information, such as the difference between the largest acceleration and

the smallest acceleration and/or opposite magnitude of acceleration. Another feature can be

based on a range of the acceleration information, such as over the entire spectrum of

acceleration information, or may be based on a subset of the entire spectrum, such as ±2 Gs

where the entire spectrum of acceleration is generated across ±4 Gs. Another feature can be

based on entropy of the acceleration information, such as whether the acceleration

information is smooth or noisy. Another feature can be line length, which is based on the

total amount of movement generated in the positive and the negative directions by integrating

the rectified acceleration signal. Another feature can be the mean cross ratio, which is based

on measuring how often the orientation of a body segment changes by taking the ratio of time

spent above or below the mean over a fixed duration. Another feature can be range ratio,

which is based on measuring the relative movement in orthogonal directions (e.g., X and Y)

by taking the ratio of the range along each axis.

[0082] According to some embodiments, additional features can be used to determine the

location of the wearable device 100, and these additional features may be independent of the

generated acceleration information. For example, other physiological and/or biometric

parameters that can be detected by the wearable device 100 and can be used to determine the

location of the wearable device 100. Such physiological and/or biometric parameters can

include heart rate, blood pressure, ECG signals, EMG signals, EEG signals, etc. With respect

to, for example, heart rate, blood pressure, and/or ECG signals, a feature can be the ability to

detect or not detect these parameters, or the strength of the signals indicating these



parameters. Thus, although the present disclosure focuses primarily on acceleration

information and temperature information, other physiological and/or biometric parameters

generated by other components of the wearable device 100 can be used in conjunction with,

or independent of, the acceleration information and/or the temperature information to

determine the location of the wearable device 100 on a user.

[0083] According to the present concepts disclosed herein, wearable devices 303a-303j can

be placed on the user 301 and can be automatically configured, as discussed in detail below,

according to the specific location of the wearable devices 303a-303j independent from the

user 301 or another user (e.g., clinician, technician, doctor, etc.) manually setting the

location. The wearable devices 303a-303j can then process physiological information

specific to that location based on location-specific metrics and/or by activating location-

specific components, as discussed in detail below.

[0084] FIG. 4 illustrates a general flow diagram for determining a location of a wearable

device 100 on a user based on acceleration information in accord with concepts of the present

disclosure. Prior to step 401, the wearable device 100 is placed on the user. The wearable

device 100 may be directly affixed to the user, such as being directly affixed to the user's

skin, e.g., by an adhesive, a strap or as part of a garment. According to some embodiments,

the wearable device 100 can automatically determine when it is coupled to the body of a user

based on processing temperature information generated by the temperature sensor 111 (or any

other temperature sensor of the device), as discussed above.

[0085] At step 401, acceleration information/data is generated by the wearable device 100,

such as by the accelerometer 105. The acceleration information can be considered raw

acceleration information or data (e.g., data received directly from the accelerometer 105). As

discussed above, such information may be generated by a system or device that includes the

capability of generating 3-axis acceleration information with respect to the x-axis, the y-axis,

and the z-axis.

[0086] At step 403, the wearable device 100 pre-processes the raw acceleration information

or data. The pre-processing can include any signal conditioning and/or processing to prepare

the acceleration information for feature extraction. Such signal conditioning can include

filtering the acceleration information to remove noise and/or other artifacts, amplifying the

acceleration information to increase the resolution of the input signal and/or to reduce noise,

and normalization. The pre-processing can optionally further include removing the effects of

gravity on the acceleration information.



[0087] By way of example, at step 403, the raw acceleration information can be first pre-

processed by applying a low-pass filter with a cutoff of 12 Hz to remove high frequency

noise. After applying the low-pass filter, resultant acceleration vectors about the x/y-axes,

y/z-axes, z/x-axes, and the x/y/z-axes are derived according to common vector derivation

techniques. In addition, or in the alternative, the acceleration information may be subject to

additional and/or alternative pre-processing than the pre-processing disclosed above without

departing from the spirit and scope of the present disclosure.

[0088] After pre-processing, features can be extracted from the pre-processed acceleration

information at step 405. As discussed above, the features characterize the acceleration

information, such as in terms of frequency, energy, and entropy. As discussed above, the

types of the extracted features include acceleration signal range, minimum acceleration value,

maximum acceleration value, mean acceleration value, root mean square (RMS) value, signal

entropy, line length, mean cross rate, and range ration, etc.

[0089] In accordance with some embodiments of the invention, the features can be extracted

in groups, also referred to as feature sets, according to, for example, time and frequency

domain features such that multiple features can be used to characterize the same acceleration

information. For example, as many as 36 or more features can be used to determine the

location of the wearable device 100 within a single feature set. However, the number of

features used to determine the location from the acceleration information within a feature set

can range from one to greater than 36 and in some embodiments, 20 to 30 features for each

feature set can be used. According to a feature set being extracted as a set of time domain

features, acceleration information may be collected over a period of time T (or number of

data points), and a feature set can be used characterize the acceleration information over the

period of time T (or number of data points). By way of example, T can be three seconds such

that the acceleration information represents the acceleration experienced by the accelerometer

105 and, therefore, the wearable device 100 over the three seconds. Where the acceleration

information is generated at a rate of 50 hertz (Hz), as an example, a feature set can be

extracted from some or all of the 150 data points for each one of the three axes. Thus, the

feature set characterizes 450 data points of acceleration information. However, the value of T

can be less or greater than three seconds without departing from the spirit and scope of the

disclosure, such as one second, two second, five seconds, etc. And the value of T can be the

same for all features, or the value of T can change over time, for example, to evaluate higher

or lower activity levels or adjustable signal generation rates. Thus, for higher signal rates

(e.g., to better evaluate higher activity rates) T can be increased or decreased.



[0090] According to one embodiment, feature sets can be determined based on non-

overlapping periods of time T. Alternatively, feature sets may be determined based on

overlapping periods of time T. For example, a feature set may be determined for a three

second period, and a subsequent period may overlap with the period with respect to the

acceleration information the period applies to. The overlap may be, for example, 50 percent

such that a feature set covering a three second period overlaps with a previous or subsequent

period by 1.5 seconds.

[0091] At step 407, the feature set is processed to determine the location of the wearable

device 100. The processing performed to determine the location based on the feature set may

vary, such as being based on a decision tree, nearest neighbor and Bayesian Networks,

support vector machines, neural networks, Gaussian Mixture Models (GMM), and Markov

chains. According to one embodiment, the feature set can be processed according to a

decision tree analysis. By way of example, the decision tree can be a J48 decision tree or a

C4.5 decision tree. The decision tree includes nodes and leaves. At each node, the decision

tree branches based on the value of a single feature according to a threshold mechanism. By

way of example, if a node represents a dominant frequency value, the decision tree may

include two branches extending from the node. One branch may represent a dominant

frequency of greater than a threshold value, and the other branch may represent a dominant

frequency of less than or equal to the threshold value. Thus, depending on the value of the

dominant frequency of the feature from the acceleration information, one or the other branch

is selected or followed along the decision tree.

[0092] At the outcome of the decision tree is the location of the wearable device 100. The

furthest branches on the tree represent the possible end results or locations of the wearable

device 100 on the body. Thus, at step 409, at the end of processing the feature set according

to the decision tree, a location of the wearable device 100 is determined.

[0093] FIG. 5 shows an exemplary decision tree 500, according to one embodiment. The

decision tree 500 includes nodes 501a-501j and leaves 503a-503k, in which a node represents

an analysis with respect to a feature, and the leaves branching from the node represent the

outcomes of the analysis. By way of example, at node 501a, a determination is made with

respect to the entropy of the acceleration information with respect to the y/z-axes. If the

entropy is less than or equal to a threshold, branch 505a is selected and the outcome of the

location of the wearable device 100 is leaf 503a, which may represent the chest of the user. If

the entropy is greater than the threshold, branch 505b is selected and the decision tree 500

proceeds to node 501b.



[0094] At node 501b, the analysis may be with respect to the line length along the z/x-axes.

If the line length is less than or equal to a threshold, branch 505c is selected and the decision

tree 500 proceeds to node 501c. If the line length is greater than the threshold, branch 505d is

selected and the decision tree proceeds to node 50 le.

[0095] At node 501c, the analysis may again be with respect to the line length along the z/x-

axes. If the line length is less than or equal to another threshold, different than the previous

threshold, branch 505e is selected and the outcome of the location of the wearable device 100

is leaf 503b, which may represent the wrist. If the line length is greater than the additional

line length threshold, branch 505f is selected and the decision tree proceeds to node 50 Id.

[0096] At node 50 Id, the analysis may be with respect to the minimum acceleration along the

x/y-axes. If the minimum acceleration is less than or equal to a threshold, branch 505g is

selected and the outcome of the location of the wearable device 100 is leaf 503c, which may

represent the ankle. If the minimum acceleration is greater than the threshold, branch 505h is

selected and the outcome of the location of the wearable device 100 is leaf 503d, which may

represent the wrist.

[0097] Adverting to node 50 le, at node 50 le, the analysis may be with respect to the mean

acceleration along the y/z-axes. If the mean acceleration is less than or equal to a threshold,

branch 505i is selected and the decision tree proceeds to node 501f. If the mean acceleration

is greater than the threshold, branch 505j is selected and the outcome of the location of the

wearable device 100 is leaf 503e, which may represent the wrist.

[0098] At node 501f, the analysis may be with respect to the entropy along the z/x-axes. If

the entropy is less than or equal to a threshold, branch 505k is selected the outcome of the

location of the wearable device 100 is leaf 503f, which may represent the wrist. If the

entropy is greater than the threshold, branch 5051 is selected and the decision tree proceeds to

node 501g.

[0099] At node 501g, the analysis may be with respect to the line length along the y/z-axes.

If the line length is less than or equal to a threshold, branch 505m is selected and the decision

tree proceeds to node 501h. If the line length is greater than the threshold, branch 505n is

selected and the decision tree proceeds to node 501i.

[00100] At node 501h, the analysis may be with respect to the mean cross rate along the z/x-

axes. If the mean cross rate is less than or equal to a threshold, branch 505o is selected and

the outcome of the location of the wearable device 100 is leaf 503g, which may represent the

wrist. If the mean cross rate is greater than a threshold, branch 505p is selected and the



outcome of the location of the wearable device 100 is leaf 503h, which may represent the

ankle.

[00101] Back at node 501i, the analysis may be with respect to the minimum acceleration

along the x/y-axes. If the minimum acceleration is less than or equal to a threshold, branch

505q is selected and the outcome of the location of the wearable device 100 is leaf 503i,

which may represent the ankle. If the minimum acceleration is greater than the threshold,

branch 505r is selected and the decision tree proceeds to node 501j.

[00102] At node 50 lj, the analysis may be with respect to the mean acceleration along the

z/x-axes. If the mean acceleration is less than or equal to a threshold, branch 505s is selected

and the outcome of the location of the wearable device 100 is leaf 503j, which may represent

the wrist. If the mean acceleration is greater than the threshold, branch 505t is selected and

the outcome of the location of the wearable device 100 is leaf 503k, which may represent the

ankle.

[00103] According to the foregoing example, processing the features according to the

decision tree 500 yields the location of the wearable device 100 based on one or more

decisions with respect to the features. Depending on the features used and the values of the

features, one or more decisions are used to determine (or arrive to) the location. Although

each decision discussed and illustrated with respect to FIG. 5 includes only two branches,

each decision can include multiple branches and can be based on multiple ranges with respect

to a feature.

[00104] The decision tree 500 illustrated in FIG. 5 can be generated based on previously

collected acceleration information for various locations of the wearable device 100 on a user

or a group of users. The collected acceleration information is then processed according to the

techniques discussed above, including extracting feature sets from the data, and applying

machine learning to determine which feature sets from the acceleration information apply to

which locations of the wearable device 100 on the user. Accordingly, the decision tree 500

can be trained based on the predefined locations and previously generated acceleration

information, also referred to aspriori knowledge, processed according to the above-described

approach.

[00105] Although discussed primarily with respect to acceleration information, according to

some embodiments the decision tree 500 can be based also on temperature information or a

combination of temperature and acceleration information. One or more of the initial

decisions of the decision tree can be based on the temperature information. By way of

example, initial decisions can be based on whether the temperature information indicates that



the wearable device 100 is close to the core or remote from the core of the body.

Additionally, one or more of the decisions can build on this information. Thus, if the

temperature information indicates that the wearable device 100 is remote from the core (e.g.,

on an arm or leg), the accelerometer 105 can confirm this by determining whether low

frequency acceleration signals (e.g., such as those associated with chest motion for

respiration) are not present. Where respiration is detected, the device can determine (e.g.,

learn) that the user's core temperature is possibly lower than average.

[00106] FIG. 6 illustrates an exemplary principal component analysis plot that visually

represents the distinction in feature sets that allows for determining the location of a wearable

device 100. As shown, the x-axis can represent a first principal component and the y-axis can

represent a second principal component. The plot shown in FIG. 6 represents a projection of

the feature space extracted from the acceleration information according to a principal

component analysis. That is, the points within groups 601a-601c represent acceleration

information acquired from, for example, the accelerometer 105 within the wearable device

100 transformed into 2 dimensions according to two principal components. Each one of the

principal components is a linear combination of a set of features, with the features for each

principal component selected to maximize the variance of the captured acceleration

information.

[00107] As discussed above, features are extracted from the acceleration information. As

shown in the exemplary illustrated embodiment, the features are then transformed into one of

the first principal component or the second principal component. According to the

transformation, the acceleration information fits within one of the three groups 601a-601c.

Based on the previously determined relationships between the first and second principal

components, and the relationship of the principal components to various locations of the

wearable device 100 on the user, the groups 601a-601c represent three different locations of a

wearable device 100 on a user.

[00108] By way of example, group 601a can represent acceleration information acquired

from a wearable device 100 located on the wrist that was transformed into the first and

second principal components. Further, group 601b can represent acceleration information

acquired from a wearable device 100 located on the chest that was transformed into the first

and second principal components. Group 601c can represent acceleration information

acquired from a wearable device 100 located on the ankle that was transformed into the first

and second principal components. According to the foregoing, and as a visual representation

of the approach for determining a location of a wearable device 100 based on acceleration



information, subsequent data points within one of the three groups 601a-601c resulting from

transforming the acceleration information into the first and second principal components

indicate the location of the wearable device 100 on the user.

[00109] As discussed above, according to some embodiments, acceleration information

generated by the accelerometer 105 and temperature information generated by the

temperature sensor 111 or temperature sensor 113 can be used in combination to determine

the on-body status, the location of the wearable device 100 on the user, or both.

[00110] A temperature-based approach at determining an on-body status, or an acceleration-

based approach at determining an on-body status, may generate false indications. By way of

example, a wearable device 100 left in direct sunlight may reach elevated temperatures

similar to skin temperatures on the body 301. Alternatively, a wearable device 100 connected

to a power source to recharge may generate heat from the process of recharging. Thus, the

elevated temperatures during these conditions may result in false indications of the wearable

device 100 being on the body.

[00111] Similarly, a wearable device 100 may be on a user's person but not coupled to the

user's body. For example, the wearable device 100 may be in a pocket or in a container that

the user is carrying. Although the wearable device 100 is not coupled to the skin of the user,

the wearable device 100 may still experience acceleration measured by the accelerometer 105

that mimics acceleration experienced while coupled to the user. Thus, the acceleration may

generate a false indication of the wearable device 100 being on the body.

[00112] To reduce and/or eliminate the false indications of on-body states, the wearable

device 100 can use the temperature information and the acceleration information in

combination.

[00113] FIG. 7 shows acceleration information generated by the accelerometer 105 during

the same periods of time during which the temperature information was generated that is

illustrated in FIG. 2, in accord with some aspects of the present concepts. More specifically,

FIG. 7 is a plot of activity counts (y-axis) versus time (x-axis). FIG. 7 includes three time

periods, time period 701a, time period 701b, and time period 701c. Time periods 701a, 701b,

and 701c correspond to the time periods 201a, 201b, and 201c, respectively, in FIG. 2 .

[00114] During time periods 701a and 701c, the wearable device 100 experienced

acceleration, as shown by the activity counts. The activity counts are a proxy for the changes

in acceleration measured by the accelerometer 105 during the various periods of time. Thus,

if the activity counts are high, the wearable device 100 experienced large changes in

acceleration. If the activity counts are low, the wearable device 100 experienced small



changes in acceleration or no acceleration at all (e.g., stationary). During time period 701b,

the wearable device 100 experienced little or no acceleration. Thus, the acceleration

experienced by the wearable device 100 during time periods 701a and 701c agrees with the

temperature information of FIG. 2 for time periods 201a and 201c indicating that the

wearable device 100 is coupled to the user. Further, the lack of acceleration experienced by

the wearable device 100 during time period 701b agrees with the temperature information of

FIG. 2 for time period 201b indicating that the wearable device 100 is not coupled to the user.

[00115] Based on the comparison of FIGS. 2 and 7, temperature information and acceleration

information can be used to discriminate states of the on-body status. By way of example, and

without limitation, if instead of the information in FIGS. 2 and 7, time period 701b included

acceleration information indicating that the wearable device 100 was moving, but time period

201b still indicated that the wearable device 100 was not coupled to the user based on the

temperature information, the wearable device 100 can determine that it is not coupled to the

user. Such a determination may not be possible based on the acceleration information alone.

Similarly, if time period 201b included temperature information that indicated that the

wearable device 100 was coupled to the user, but time period 701b indicated that the

wearable device 100 did not experience acceleration, the wearable device 100 can determine

that it is not coupled to the user. Such a determination may not be possible based on the

temperature information alone.

[00116] Accordingly, the wearable device 100 can process both temperature information and

acceleration information to determine its on-body status. The wearable device 100 can use

other information, in addition to acceleration information and temperature information,

generated by one or more components of the wearable device 100 to determine and/or verify

the on-body status. By way of example, and without limitation, a voltage measurement of the

power source 109 can distinguish different states by indicating that the wearable device 100

is connected to a charger. Thus, for example, if the process of recharging raises the

temperature of the temperature sensor 111, the voltage measurement of the power source 109

can be used to distinguish between an on-body state despite certain temperature information.

That is, if the voltage of the power source 109 is increasing, the wearable device 100 is on a

charger, and if the voltage of the power source 109 is not increasing, the wearable device 100

is not on a charger.

[00117] As discussed above, where differences between skin temperature and ambient air

temperature can differentiate the on-body status of the wearable device 100 (e.g., on-body

versus off-body), differences in skin temperature between body segments can also be used to



determine the on-body location. Thus, provided sufficient disparity between ambient air

temperature and skin temperature, temperature information alone can indicate the location of

the wearable device 100. However, as the ambient air temperature increases (e.g., as shown

in Table 1 above), the disparity of temperature differences between body segments decreases.

The decrease can lead to an inability to determine the location of the wearable device 100

based on the temperature information alone.

[00118] Thus, the temperature information and the acceleration information can be used

together to determine the location of the wearable device 100. According to some

embodiments, the temperature information can be processed to determine a general location

of the wearable device 100, such as located on an extremity or located on the core of the

body. With the general location as a starting point, the acceleration information can then be

used to determine the more specific location. Accordingly, based on the decision trees

discussed above, the one or more decisions can be based initially on processing the

temperature information, such as by determining a general location. Once a general location

of the wearable device 100 is determined, the acceleration information can be processed

according to a decision tree analysis, where the starting point of the decision tree analysis

with respect to the acceleration information is based on the general location determined from

the temperature information. Although discussed as providing a general location for a

starting point of the acceleration information analysis with respect to the location, the

temperature information can be used according to other methods with respect a decision tree

analysis, such as one or more determination at nodes within the decision tree.

[00119] Alternatively, the temperature information can be processed to determine a specific

location of the wearable device 100 on the user, such as based on, for example, an absolute

temperature relative to the ambient air temperature based on a change in the temperature, or

an absolute temperature relative to the rate in the change in temperature. The wearable

device 100 can then verify the location determined from the temperature information based

on the acceleration information.

[00120] FIG. 8 is a state diagram of the different on-body states and locations of a wearable

device 100, and identification of transitions between the states based on acceleration

information and temperature information, in accord with aspects of the present concepts. As

shown, wearable device 100 can be in one of two distinct states with respect to the on-body

status, either in an off-body state 801a (e.g., not coupled to the body of a user) or in an on-

body state 801b (e.g., coupled to the body of a user). Upon determining the on-body status,



the status of the wearable device 100 can then be decomposed further into distinct locations

and/or states.

[00121] Referring to FIG. 8, the on-body status is determined initially based on one or both

of acceleration information and temperature information, and can also be based on additional

information generated by components of the wearable device 100, such as the voltage of the

power source 109. By way of example, and without limitation, the wearable device 100 can

determine the on-body status (e.g., off-body state 801a or on-body state 801) based on the

acceleration information, the temperature information, or a combination of the temperature

information and the acceleration information. According to some embodiments, the on-body

status can also be based on one or more additional indications by components of the wearable

device 100, such as the change in the charge of the power source 109 indicating the wearable

device 100 is in an off-body state 801a. Upon determining the on-body status of the wearable

device 100, the wearable device 100 can subsequently determine its location and/or state

depending on its on-body status.

[00122] The functionality of the wearable device 100 can change according to the on-body

status. According to some embodiments, with the wearable device 100 not coupled to the

body (e.g., off-body state 801a), the functionality of the wearable device 100 providing

measurements and/or analysis of physiological information of the user can turn off or be put

into a lower power or sleep mode. Alternatively, the wearable device 100 can turn off

completely. Turning the wearable device 100 off or going into a sleep mode extends the

battery life for when the wearable device 100 is coupled to the user. Further, according to

some embodiments, the wearable device 100 can automatically turn algorithms off when the

wearable device 100 is not coupled to the body. Further, the wearable device 100 can turn

off one or more components. For example, the step counter does not need to be running

when the wearable device 100 is not coupled to the user and not able to counts the user's

steps. Further, a sleep tracker does not need to be running if the wearable device is not

coupled to a user and not able to track the user's sleep.

[00123] According to some embodiments, the wearable device 100 may be in the off-body

state 801a when it should be in the on-body state 801b. In such a condition, according to

some embodiments, the wearable device 100 can prompt the user to couple the wearable

device 100 to the user's body. The prompt can originate from the wearable device 100 itself

or from another device (e.g., from a device in communication with the wearable device 100).

By way of example, and without limitation, the wearable device 100 can provide an audio,

visual, and/or tactile prompt to remind the user to don the wearable device 100.



Alternatively, the wearable device 100 can prompt an application running on, for example, a

smart device (e.g., smart phone, laptop, etc.) in communication with the wearable device 100

to remind the user to apply the wearable device 100 or to select device features to use (e.g.,

running coach for a device mounted on the ankle, or posture coach for a device located on the

torso). Such a condition can be determined, for example, based on differences in the on-body

status as determined based on the acceleration information and the temperature information.

For example, if the temperature information indicates that the wearable device 100 is not

coupled to the user, but the acceleration information indicates that the wearable device 100 is

experiencing acceleration (e.g., not stationary), the wearable device 100 can prompt the user

to apply the wearable device 100 to the body.

[00124] Similarly, the wearable device 100 may be in the on-body state 801b when it should

be in the off-body state 801a. In such a condition, according to some embodiments, the

wearable device 100 can prompt the user to uncouple the wearable device 100 from the user's

body. For example, the wearable device 100 can prompt a smart phone application in

communication with the wearable device 100 to remind the user to remove the wearable

device 100. Similar to above, such a condition can be determined, for example, based on

differences in the on-body status as determined based on the acceleration information and the

temperature information. For example, if the temperature information indicates that the

wearable device 100 is coupled to the user, but the acceleration information indicates that the

wearable device 100 is not experiencing acceleration (e.g., stationary), the wearable device

100 can cause a prompt for the user to remove the wearable device 100 from the body. The

wearable device 100 can also prompt the user to place the wearable device 100 in the charger,

such as to recharge the wearable device 100 when not coupled to the user.

[00125] When the wearable device 100 determines a change in the on-body status, such as a

change from the off-body state 801a to the on-body state 801b, the wearable device 100 can

automatically change its operation state from idle (e.g., no sensing and/or data logging) to a

sensing state. The ability to automatically change general operation states from idle to not

idle, as an example, improves battery performance.

[00126] With respect to the off-body state 801a, the wearable device 100 can determine

whether it is at a first location 803a on the person (e.g., in a pocket, bag, purse, etc.), although

not coupled to the body, at a second location 803b not on the person (e.g., stationary on a

table, nightstand, etc.), or at a third location 803c on a charger. By way of example, and

without limitation, the first location 803a on the person can be detected based on temperature

information indicating that the wearable device 100 is not coupled to the body and



acceleration information indicating that the wearable device 100 is moving. According to

some embodiments, the acceleration information can further indicate that the movement

corresponds to the wearable device 100 being in a bag carried by a user, in the user's pocket,

etc. based on one or more extracted features from the acceleration information. The second

location 803b can be detected based on temperature information indicating that the wearable

device 100 is not coupled to the body and the acceleration information indicating that the

wearable device 100 is not moving. The third location 803c can be detected based on the

temperature information indicating that the wearable device 100 is not coupled to the body,

the acceleration information indicating that the wearable device 100 is not moving, and

information from the power source 109 indicating that the wearable device 100 is on the

charger. However, according to some embodiments, the third location 803c can be detected

based solely on the power source 109 indicating that the wearable device is on the charger.

[00127] Referring back to the on-body state 801b, the wearable device 100 can subsequently

determine its location on the body of the user after determining that it is within the on-body

state 801b. Exemplary locations in FIG. 8 include the upper leg 805a, the lower leg 805b, the

upper arm 805c, the lower arm 805d, and the torso 805e. However, additional locations can

be determined, such as any one or more of the locations shown in FIG. 3, in addition to other

locations. The locations can be determined based solely on acceleration information, as

described above with respect to FIGS. 4-6 and the corresponding portions of the

specification. Alternatively, the locations can be determined based solely on temperature

information as described above. For example, depending on the disparity between body

segment temperatures and the ambient air temperature, the determination of the location of

the wearable device 100 can be based solely on temperature information. Alternatively, the

locations can be determined based on a combination of acceleration information and

temperature information.

[00128] Upon determining the on-body state 801b and the activity and/or state of the

wearable device 100, the wearable device 100 can adjust its functionality according to the

determined location. According to some embodiments, the wearable device 100 can

automatically toggle specific algorithms ON or OFF depending on the determined location of

the device. According to some embodiments, the wearable device 100 can automatically tune

algorithm parameters to different body coupling locations. The tuning can improve the

accuracy of the algorithm output. According to some embodiments, the wearable device 100

can automatically adjust of a list of device features within, for example, a mobile application

running on a mobile device in communication with the wearable device 100 based on the



location. For example, if the wearable device 100 is located on the torso, a list of device

features can be adjusted to include a posture coach. However, if the wearable device 100 is

located at the ankle, the posture coach would not be included in the list. Instead, for example,

a running coach can be included in the list of device features.

[00129] According to some embodiments, the wearable device 100 can automatically adjust

the user experience associated with using the wearable device 100. For example, the

wearable device 100 can interface with a mobile application running on a mobile device in

communication with the wearable device 100 to change the steps that the user needs to go

through, including calibration, etc., and provide pictures of the location of the wearable

device 100 on the body based on the determined location of the wearable device 100. For

example, if the wearable device 100 is located at the ankle, then the wearable device 100 will

not run a posture algorithm and, therefore, the user will not be prompted to calibrate the

wearable device 100 by the mobile application for the posture coach. By way of a further

example, pictures within the mobile application could also then feature the wearable device

100 located at the ankle.

[00130] As indicated by arrows 807a and 807b in FIG. 8, the wearable device 100 monitors

the acceleration information and/or the temperature information to determine changes in the

on-body status and/or location and/or state of the wearable device 100. The wearable device

100 can continuously, periodically, or on-demand monitor the temperature information and

the acceleration information.

[00131] By way of example, and without limitation, according to monitoring the temperature

information from the temperature sensor 111, the wearable device 100 can determine a

change in the on-body status, the activity and/or the location, or a combination thereof of the

wearable device 100. The wearable device 100 can monitor the temperature, the change in

temperature, and/or the rate of change in temperature. Based on the temperature information,

the location and/or state of the wearable device 100 can change to another location and/or

state, and/or the on-body status of the wearable device 100 can change to a different status

within the state diagram of FIG. 8 .

[00132] Similarly, by way of example, and without limitation, according to monitoring the

acceleration information from the accelerometer 105, the wearable device 100 can determine

a change in the on-body status, the activity and/or the location, or a combination thereof of

the wearable device 100. Such a change can include another location and/or state, a different

on-body status, or a combination thereof of the wearable device 100 within the state diagram

of FIG. 8 . Additionally, the monitoring can be any combination of the acceleration



information and the temperature information. Upon determining the change in the on-body

status, location and/or state, or a combination thereof, the wearable device 100 can again

change its functionality and/or mode based on the new on-body status, location and/or state,

or a combination thereof.

[00133] FIG. 9 illustrates an overall process flow for determining location-specific metrics to

activate on a wearable device 100 based on the determined location in accord with aspects of

the present disclosure. Referring to block 901, sensor data in the form of 3-axis acceleration

information from the accelerometer 105 of the wearable device 100, temperature information

from the temperature sensor 111, or a combination thereof is generated and/or collected.

Although not shown in FIG. 9, the wearable device 100 can initially process the acceleration

information and/or the temperature information to determine its on-body status prior to

determining location-specific metrics to activate.

[00134] From processing the acceleration information, the temperature information, or a

combination thereof, one of three exemplary locations 903a-903c is determined as the

location of the wearable device 100. The three exemplary locations 903a-903c include the

ankle 903a, the chest 903b, and the wrist 903c. However, as discussed above, the determined

location can be any location discussed herein, and is not limited to the three locations with

respect to FIG. 9 .

[00135] Based on the location of the wearable device 100 being one of the three exemplary

locations 903a-903c, the wearable device 100 automatically configures itself according to one

or more location-specific metrics 905a-905f. By way of example, such automatic configuring

can include selecting computer program code, or one or more portions of computer program

code, associated with predefined modes of operation and/or analysis with respect to the one

or more location-specific metrics 905a-905f.

[00136] As illustrated in FIG. 9, exemplary metrics associated with the ankle 903 a include a

foot strike metric 905a and an impact metric 905b. According to the wearable device 100

automatically determining its location on the ankle 903a, computer program code associated

with processing the acceleration information based on the foot strike metric 905a and the

impact metric 905b is selected and executed by, for example, the processor 101 to

automatically configure or reconfigure functionality of the wearable device 100 based on the

location.

[00137] Exemplary metrics associated with the chest 903b include a posture metric 905c and

a vertical displacement metric 905d. Thus, according to the wearable device 100

automatically determining its location on the chest 903b, computer program code associated



with processing the acceleration information based on the posture metric 905c and the

vertical displacement metric 905d is selected and executed by, for example, the processor 101

to automatically configure or reconfigure functionality of the wearable device 100 based on

the location.

[00138] Exemplary metrics for the wrist 903c include an arm swing metric 905e and a mid

line crossing metric 905f. Thus, according to the wearable device 100 automatically

determining its location on the chest 903c, computer program code associated with

processing the acceleration information based on the swing metric 905e and the mid-line

crossing metric 905f is selected and executed by, for example, the processor 101 to

automatically configure or reconfigure functionality of the wearable device 100 based on the

location. Accordingly, FIG. 9 illustrates an exemplary general flow for a wearable device

100 automatically configuring (or reconfiguring) itself with respect to location-specific

metrics based on determining its location on a user.

[00139] Although not illustrated with respect to FIG. 9, in addition to the wearable device

100 automatically configuring itself according to the one or more location-specific metrics

905a-905f, configuring the wearable device 100 based on the determined location can further

include enabling one or more other sensing modalities of the wearable device 100. By way

of example, and as discussed above, the wearable device 100 can include one or more

additional components for performing one or more additional sensor modalities, such as, but

not limited to, heart rate measurements, electrical signal measurements (e.g., EKG, EMG,

ECG), hydration level measurements, neural activity measurements, conductance

measurements, and/or pressure measurements. The modes of these additional components

may apply to only certain locations of the wearable device 100 on the user. For example, an

EKG component may apply to the location of the user's chest and not the user's ankle or foot.

[00140] In accordance with some embodiments of the invention, the wearable device 100 can

enable and/or disable one or more of these additional components based on the determined

location of the wearable device 100 on the user. The additional components can be pre

defined as being associated with certain locations on the user. Upon the wearable device 100

determining its specific location, the wearable device 100 can activate the additional

components associated with the specific location. Moreover, the wearable device 100 can

deactivate and/or not activate other of the additional components that are not pre-defined as

being associated with the specific location. Such deactivation and/or non-enablement can

conserve resources of the wearable device 100, such as battery life.



[00141] The additional components that are enabled based on the determined location of the

wearable device 100 may generate additional physiological and/or biometric information. In

accordance with some embodiments of the invention, the wearable device 100 can

automatically configure itself according to one or more location-specific metrics that analyze

the additional physiological and/or biometric information. Such automatic configuring may

include selecting computer program code, or one or more portions of computer program

code, associated with predefined modes of operation and/or analysis with respect to

additional physiological and/or biometric information and metrics specific to processing this

additional information. By way of example, if an EMG component is enabled for measuring

muscle activity of the user's arm, computer program code associated with a location-specific

metric for analyzing the muscle activity specific to the location of the arm may also be

selected and executed by the processor 101 based on the wearable device 100 determining its

location on the arm. By way of another example, if an ECG component is enabled for

measuring heart activity when the wearable device 100 is detected as being positioned on a

user's chest, computer program code associated with a location-specific metric for analyzing

the heart activity can also be selected and executed by the processor 101 based on the

wearable device 100 determining its location on the chest. Accordingly, according to the

automatic determination of location, the wearable device 100 can change its operating mode,

such as by enabling and/or disabling additional components of the wearable device 100.

[00142] According to the present concepts disclosed above, the determination of the location

of the wearable device 100 on the user with respect to processing acceleration information is

substantially instantaneous and does not rely on historical information. That is, according to

some embodiments, historical acceleration information is not needed for the wearable device

100 to determine its present location on a user. A single feature set is determined from the

generated acceleration information and used to determine the location of the wearable device

100. As discussed above, such a feature set may be determined based on a set duration of

generating the acceleration information, such as three seconds. From this acceleration

information, a feature set is extracted and processed to determine the location of the wearable

device 100 on a user. No historical information pertaining to before the three second duration

is required for the wearable device 100 to determine its location on the user.

[00143] During normal use, the location of the wearable device 100 does not change. For

example, a user may affix the wearable device 100 to their ankle, or don a sock that includes

an integrated wearable device 100, and then perform an activity for several hours, such as

running, walking, etc. During this time, the location of the wearable device 100 does not



change. Yet, there is a possibility that erroneous information is generated, or an activity of a

user briefly changes, such that the wearable device 100 may provide an erroneous

determination of a location based on single feature set. While leveraging historical

information is not necessary, such historical information may prevent the above-described

erroneous determination of a location.

[00144] In accordance with one embodiment, historical information may be used to, for

example, eliminate erroneous information from changing the determination of location by

validating the determination. That is, historical acceleration information and/or historical

feature sets may be used in conjunction with current acceleration information and/or a current

feature set for validating the determination of the location. By way of example, the wearable

device 100 may store the last L sets of features and/or the last M determinations of the

location and use this information for determining or validating the current location of the

wearable device 100. As non-limiting examples, L and M may be five such that the wearable

device 100 uses the last five feature sets and/or determinations of the location in validating

the current location of the wearable device 100 on the user. If the last L feature sets indicate

that the wearable device 100 is on, for example, the ankle of the user, and the current feature

set indicates that the wearable device 100 is on, for example, the chest, leveraging the last L

feature sets may prevent the wearable device 100 from erroneously reconfiguring the

functionality based on the chest location until a subsequent feature set indicates and/or

validates that the location of the wearable device 100 is indeed now on the chest.

Alternatively, an additional N feature sets and/or determinations may be used prior to

reconfiguring the functionality of the wearable device 100, where N can be 2 or greater, such

as L being equal to or greater than N . According to the foregoing, the wearable device 100

may use historical information to aid in validating the location of the wearable device 100 on

the user.

[00145] According to some embodiments, the wearable device 100 can instead use the

temperature information rather than the historical acceleration information to validate the

determination of the location of the wearable device 100 based on the acceleration

information. Accordingly, if, for example, the acceleration information leads to a different

on-body status and/or location, the wearable device 100 can process the temperature

information to validate the different on-body status, location and/or state, or a combination

thereof.

[00146] According to some concepts of the present disclosure, a user can validate the

determination of the location of the wearable device. Upon the wearable device 100



determining a location according to the above, the wearable device 100 can query the user to

confirm the determined location. Such querying and validation can be used to decrease the

likelihood of error and/or to improve the accuracy of the location detection technique by

updating the technique, such as the decision tree, to improve the decision tree's performance.

The wearable device 100 can query the user to confirm the location determination upon the

initial determination or after a threshold number of determinations. Moreover, according to

one embodiment, the wearable device 100 can use the historical information in combination

with a validation by a user. By way of example, and without limitation, if a current

determination of a location differs from historical information, the wearable device 100 can

query the user to confirm whether the current determination of the location is correct.

[00147] The above-described query and confirmation can be performed according to one or

more audio, visual, and/or tactile inputs and responses by the wearable device 100 and the

user. Thus, one or more of the above-described additional components of the wearable

device 100 can be a display, a speaker, a microphone, etc. that allows the wearable device

100 to query the user and receive a response from the user regarding a determined location of

the wearable device 100.

[00148] According to some concepts of the present disclosure, the determination of the

location of the wearable device 100 may occur continuously, periodically, and/or on demand.

More specifically, any one or more steps associated with determining the location of the

wearable device 100, such as generating the acceleration information, extracting the feature

set(s), processing the feature set(s), generating temperature information and processing the

temperature information, or a combination thereof to determine the location may occur

continuously, periodically, and/or on demand.

[00149] Again, considering that, during normal use, the location of the wearable device 100

does not change, the wearable device 100 could alternatively, or in addition, use historical

information to affect the timing of determining the location, such as stopping the generation

of acceleration information, stopping the processing of the acceleration information, stopping

the measuring of temperature information, stopping the processing of temperature

information, or a combination thereof, to conserve power.

[00150] In accordance with an embodiment, a wearable device 100 may determine its

location on a user during a set period of time and/or for a set number of feature sets. Upon

reaching the end of the period of time or the set number of feature sets, the wearable device

100 may deactivate the accelerometer 105 and/or stop processing the acceleration

information to conserve power. In one embodiment, the period of time and/or number of



feature sets may be at the beginning of using the wearable device 100, or may be after a set

time of using the wearable device 100.

[00151] In accordance with an embodiment, the set period of time or the set number of

feature sets may continue during consecutive determinations of the same location. Upon a

determination of a different location than previous locations determined during the set period

of time and/or set number of feature sets, the set period of time and/or the set number of

feature sets may reset to prevent the wearable device 100 from erroneously configuring the

functionality prior to turning off the location determination functionality. According to the

foregoing, the wearable device 100 may use historical information to reduce and/or conserve

power with respect to determining the location on the user.

[00152] One application of determining the location of the wearable device 100 is to

configure the wearable device 100 to generate, output, and/or process location-specific

information. More specifically, upon determining the location of the wearable device 100 on

the user, the wearable device 100 can activate one or more algorithms and/or one or more

components to process and/or generate additional physiological and/or biometric information

of the user that is specific to the determined location. Thus, the wearable device 100 is able

to modify its functionality and/or operation based on the determined location.

[00153] With the accelerometer 105 already generating the acceleration information, the

wearable device 100 can activate one or more algorithms to process the acceleration

information according to one or more location-specific metrics to determine physiological

information specific to the location. With the temperature sensor 111 already generating

temperature information, the wearable device 100 can activate one or more algorithms to

process the temperature information according to one or more location-specific metrics to

determine physiological information specific to the location. Further, as discussed above,

according to present concepts of the disclosure, the wearable device 100 may include

additional components related to heart rate measurements, electrical activity measurements,

hydration level measurements, neural activity measurements, conductance measurements,

and/or pressure measurements. These additional components may generate additional

physiological and/or biometric information regarding the user. This additional physiological

and/or biometric information may also be processed by location-specific metrics.

[00154] By way of example, upon determining that a wearable device 100 is located on a

user's chest, the wearable device 100 may activate one or more components and/or process

information to determine physiological information regarding the user's posture, trunk

rotation, and vertical displacement. By way of another example, upon determining that a



wearable device 100 is located on a user's abdomen, the wearable device 100 may activate

one or more components and/or process information to determine physiological information

regarding the user's posture and vertical displacement and not trunk rotation. By way of

another example, upon determining that a wearable device 100 is located on a user's upper

leg or lower leg, the wearable device 100 may activate one or more components and/or

process information to determine physiological information regarding heel/toe strike and foot

contact. Specific to the lower leg, such as the wearable device 100 being on the user's ankle,

the physiological information may further include heel lift/kickback and foot ground

clearance. Specific to the upper leg, the physiological information may further include hip

extension. By way of another example, upon determining that a wearable device 100 is

located on a user's arm, the wearable device 100 may activate one or more components

and/or process information to determine physiological information regarding arm swing,

midline crossing, and elbow angle. This information may be used to analyze, for example,

the efficiency and/or fatigue of the user.

[00155] Although described above, the foregoing provides non-limiting examples of the

functionality of the wearable device 100 upon determining its location. Additional

functionality may be implemented without departing from the spirit and scope of the present

disclosure, such as, for example, activating an ECG component and a temperature sensor

upon determining the wearable device 100 is located on a user's chest to monitor heart

activity and temperature, respectively.

[00156] FIG. 1OA is a flowchart illustrating a process 1000 for determining an on-body status

of the wearable device in accord with aspects of the present disclosure. In accordance with

one embodiment, the processor 101 in conjunction with the memory storage module 103 and

computer program code stored thereon, in addition to one or more components within the

wearable device 100, such as the accelerometer 105 and/or the temperature sensor 111, may

perform the process 1000 illustrated in FIG. 10A.

[00157] At step 1001, the wearable device 100 measures temperature information from a

temperature sensor within the wearable device 100. As discussed above, the temperature

sensor may be a temperature sensor embedded within a component of the wearable device

100, such as the temperature sensor 111 embedded within the accelerometer 105.

Alternatively, the temperature sensor may be a separate and discrete component of the

wearable device 100, such as the temperature sensor 113.

[00158] The temperature sensor measures the temperature associated with the wearable

device 100 that is based on, for example, the ambient air temperature surrounding the



wearable device 100, the skin temperature when the wearable device 100 is coupled to the

skin of a user, or a combination thereof.

[00159] At step 1003, upon measuring the temperature information, the wearable device 100

processes the temperature information to determine a temperature, a change in temperature, a

rate of change in temperature, or a combination thereof. The temperature, change in

temperature, and/or the rate of change in temperature may be scaled or un-scaled.

[00160] At step 1005, the wearable device 100 determines its on-body status based, at least in

part, on the temperature, the change in temperature, the rate of change in temperature, or a

combination thereof. As discussed above, a single temperature may be used to indicate that

the wearable device 100 is coupled to the skin on the user. Such a temperature can be above

a threshold temperature, which indicates that the wearable device 100 is coupled to the user.

Alternatively, the change in temperature may be used to indicate that the wearable device is

coupled to the skin of the user. The change in temperature can be based on an initial

temperature (e.g., ambient air temperature) and a present temperature (e.g., temperature

affected by the skin of the user), which is used to indicate that the wearable device 100 is

coupled to the body of a user. The rate of change in temperature can be based on an initial

temperature (e.g., ambient air temperature), a present temperature (e.g., temperature affected

by the skin of the user), and a period of time between the initial and present temperatures,

which is used to indicate that the wearable device 100 is coupled to the body of a user and

that the change in temperature is based on coupling the wearable device 100 to the user,

rather than, for example, a change in ambient air temperatures.

[00161] According to some embodiments, the process 1000 can be performed with only

temperature information. However, according to some embodiments, the wearable device

100 can use acceleration information in addition to the temperature information for

determining the on-body status of the wearable device 100 according to the approaches

described above (e.g., FIG. 8). Thus, as described above, the wearable device 100 can

determine the on-body status based on acceleration information and temperature information

to distinguish between, for example, the wearable device 100 being at rest in sunlight versus

coupled to the user, although at the same temperature.

[00162] According to the above steps within the process 1000 of FIG. 10A, the wearable

device 100 can determine whether it is coupled to the skin of a user and alter its functionality

accordingly. Accordingly, according to the determined on-body status, the process 1000 can

optionally include step 1007.



[00163] At step 1007, the wearable device 100 changes its mode of operation based, at least

in part, on the on-body status. If, for example, the on-body status indicates that the wearable

device 100 is in an off-body state, the wearable device 100 can turn off or change to a sleep

mode to conserve battery life, if the wearable device 100 is not already in such a mode.

Alternatively, if the on-body status indicates that the wearable device 100 is in an on-body

state, the wearable device 100 can turn on, wake-up from a sleep mode, activate additional

components, change to a specific mode (e.g., a cardiovascular mode, an exercise mode, etc.),

if the wearable device 100 is not already in such a mode. Based on the process 1000 of FIG.

10A, a user can apply or remove the wearable device 100 and the mode of operation of the

wearable device 100 can automatically update accordingly without requiring user

intervention.

[00164] FIG. 10B is a flowchart illustrating a process 1010 for determining a location of a

wearable device 100 on a user in accord with aspects of the present disclosure. In accordance

with one embodiment, the processor 101 in conjunction with the memory storage module 103

and computer program code stored thereon, in addition to one or more components within the

wearable device 100, such as the accelerometer 105, may perform the process 1010

illustrated in FIG. 10B.

[00165] At step 101 1, acceleration information is generated based on acceleration

experienced by (e.g., sensors connected to) the wearable device 100. The acceleration

information can be generated by the accelerometer 105, and can be generated continuously,

periodically, and/or on demand. As discussed above, the acceleration information can, for

example, be along the x-axis, the y-axis, and the z-axis.

[00166] At step 1013, the acceleration information is processed to extract features from the

acceleration information. The features characterize the acceleration information and may be

extracted with respect to time and frequency domains. The features may comprise one or

more of a dominant frequency, a frequency range, an acceleration scale, an acceleration

range, an energy, and an entropy of the acceleration information. Further, the features may

be extracted within feature sets that characterize the acceleration information with respect to

a set period.

[00167] The processing of step 1013 can optionally include pre-processing the acceleration

information, such as passing the acceleration information through one or more filters to

prepare the acceleration information for feature extraction. Processing the acceleration

information at step 1013 to determine the features may occur continuously, periodically,

and/or on demand.



[00168] At step 1015, the features are processed to determine the location of the wearable

device 100 on the user. The features may be processed based on a decision tree analysis to

determine the location of the wearable device 100, or according to other classification

techniques discussed above. The features may be processed to determine the location of the

wearable device 100 on the user continuously, periodically, and/or on demand. According to

the process 1000, a wearable device 100 may determine its location on a user automatically,

and without input from the user or another user.

[00169] According to some embodiments, and as discussed above, the determination of the

location of the wearable device 100 can also be based on processing the temperature

information, in combination with or independent from processing the acceleration

information. By way of example, the beginning of the decision tree, or one or more nodes of

the decision tree, can be based on the temperature information. Alternatively, the

temperature information can be processed to determine the location of the wearable device

100, independent from processing the acceleration information. As discussed above,

temperature, changes in temperature, and/or a rate of change in temperature can be correlated

to specific locations of wearable device 100 on the user. Such locations can be determined

independent from the acceleration information or in combination with the acceleration

information (e.g., to verify the acceleration information).

[00170] FIG. IOC is a flowchart illustrating a process 1020 for configuring functionality of a

wearable device 100 based on its location on a user in accord with aspects of the present

disclosure. In accordance with one embodiment, the processor 101 in conjunction with the

memory storage module 103 and computer program code stored thereon, in addition to one or

more components within the wearable device 100 may perform the process 1020 illustrated in

FIG. IOC. As discussed above, in accordance with some embodiments of the invention, the

location information can be used to select a portion of the program code to execute on the

wearable device 100, as well as activate additional sensing modalities. The location

information can also be used to cause a remote device (e.g., a smart phone or computer) to

execute a predefined program or application. Thus, in accordance with some embodiments of

the invention, the wearable device 100 can configure an operating mode of the wearable

device 100 or another device based on the automatic detection of the location of the wearable

device 100.

[00171] At step 1021, in response to determining the location, the acceleration information

and/or temperature information can be processed according to one or more location-specific

metrics selected based on the location to generate location-specific information. By the



wearable device 100 including the functionality of determining its location on a user, the

wearable device 100 may automatically activate location-specific metrics and functionality to

analyze the acceleration information and/or temperature information to generate information

specific to the location. As discussed above, such specific information may pertain to

posture, trunk rotation, vertical displacement, arm swing, midline crossing, elbow angle,

heel/toe strike, foot contact time, hip extension, heel lift/kickback, contact time, and ground

clearance of the foot. One or more of these specific types of information may not pertain to

one location, which can be accounted for by the wearable device 100 by being able to

determine its location on the user.

[00172] Optionally, at step 1023, in response to determining the location, the wearable device

100 may activate one or more additional components within the wearable device 100 based

on the location. As discussed above, and by way of example, the wearable device 100 can

activate an ECG component upon determining that the wearable device 100 is located on the

chest. The wearable device 100 can alternatively, or in addition, activate a foot strike switch

upon detecting that the wearable device 100 is on the foot or ankle. Thus, at step 1023, the

wearable device 100 can configure the operating mode of one or more additional components

of the wearable device 100 based on the determination of its location on a user.

[00173] In addition, the one or more additional components may be independent from the

wearable device 100, such as one or more components in communication with the wearable

device 100. By way of example, the wearable device 100 may be configured to communicate

with a remote device, such as the user's smartphone or an implantable device. Upon

determining its location on a user, the wearable device 100 can cause the smartphone or an

implantable device to change its operating mode according to the location of, and data

collected from, the wearable device 100.

[00174] By way of example, upon determining that the wearable device 100 is located on a

user's chest, the wearable device 100 may communicate with the remote device to cause the

remote device (e.g., an external smart phone device or an implantable device) to execute an

application associated with working out, such as for lifting weights or for general exercise.

Upon determining that the wearable device 100 is located on a user's leg, the wearable device

100 can communicate with the remote device to cause the remote device to reconfigure itself

based on an aerobic exercise mode or a cardiovascular mode. Upon determining that the

wearable device 100 is located on a user's arm, the wearable device 100 can communicate

with the remote device to cause the remote device to reconfigure itself based on a throwing

application, swimming application, and/or a weight lifting mode.



[00175] In accordance with some embodiments, the remote device may be an external

storage device. According to the wearable device 100 determining its location on a user,

such as on the chest, the wearable device 100 may activate one or more components of the

wearable device 100 and log information generated by the components within the external

storage device. The information can then be removed from the external storage device for

later processing and/or analysis of the information, such as by another user (e.g., doctor,

clinician, physician, etc.).

[00176] At step 1025, the wearable device 100 may process information generated by the

activated component according to one or more location-specific metrics selected based on the

location to generate location-specific information. According to the process 1020, the

wearable device 100 may use its ability to determine its location on the user to gain location-

specific information with respect to the location that a generic wearable device 100 would

otherwise be incapable of generating, while maintaining the robustness of not relying on a

user to correctly configure the wearable device 100 based on the location.

[00177] FIG. 10D is a flowchart illustrating a process 1030 for validating the determination

of the location of the wearable device 100 in accord with aspects of the present disclosure. In

accordance with one embodiment, the processor 101 in conjunction with the memory storage

module 103 and computer program code stored thereon, in addition to one or more

components within the wearable device 100, such as the accelerometer 105, may perform the

process 1030 illustrated in FIG. 10D.

[00178] At step 1031, the determined location is compared to one or more previously

determined locations of the wearable device 100 on the user. The wearable device 100 can

store historical information with respect to a set number of determined locations, features,

and/or acceleration information in a memory storage module 103 and use this information to

determine location. By way of example, the wearable device 100 may store the last five

location determinations.

[00179] At step 1033, the wearable device 100 validates the determination of the location

based on the comparison. The validation may occur by determining whether the presently

determined location matches the previously determined locations. If there is a match, the

wearable device 100 may validate the present determination of the location. If there is no

match, the wearable device 100 may activate an audio, visual, and/or tactile alarm indicating,

for example, a fault. Alternatively, if there is a difference between the present location and

the previously determined locations, the wearable device 100 may change the functionality

without validating the determination of the comparison. In addition, or in the alternative, the



validation can occur according to the wearable device 100 querying the user to confirm the

determined location. Such a validation with respect to the user may optionally include

leveraging the historical information prior to, in combination with, or subsequent to querying

the user.

[00180] As discussed above, in combination with, or separate from, detection of the on-body

status and/or location of the wearable device 100, and configuring the functionality and/or

operation of a wearable device 100 based on the on-body status and/or location, according to

some embodiments, the functionality and/or operation of a wearable device 100 can be

configured based on the wearable device 100 determining its orientation. For certain sensing

functionality, despite the location of the wearable device 100 being known (or unknown), the

wearable device 100's orientation may be critical for its functionality and/or operation (e.g.,

to provide accurate sensor information). Alternatively, the location of the wearable device

100 on the body may be less critical than the orientation of the wearable device 100.

[00181] Detection of electrical signals related to the heart is one example where the knowing

the orientation of the wearable device 100 relative to the body (e.g., relative to the heart) is

important for proper functionality and operation of the wearable device 100, such as for

proper functionality and operation with respect to analyzing and processing the detected heart

beat signals (e.g., ECG signals).

[00182] Detecting heart beat signals is predominantly based on placing electrodes or contacts

across specific areas of the chest, also known as leads or lead lines. FIGS. 11A-1 1C show

diagrams of three leads within the electrocardiography system. Specifically, each of FIGS.

11A-1 1C show a lead, also known as a limb lead, within Einthoven's triangle, which is an

imaginary formation of three limb leads in a triangle used in electrocardiography.

[00183] FIG. 11A shows the arrangement of the first limb lead (e.g., Lead I) within

Einthoven's triangle relative to the body of a user (e.g., a human). Lead I is defined as the

axis that extends between the shoulders of the body. Lead I is generally within or parallel to

the coronal plane of the body (e.g., horizontal) and perpendicular to the sagittal plane of the

body. Electrical signals associated with Lead I are generally measured or detected by placing

a negative electrode (represented by the minus (-) symbol) on the right shoulder and placing a

positive electrode (represented by the plus (+) symbol) on the left shoulder. However,

placement of the negative and positive electrodes at the shoulders merely represents the

preferred locations of the electrodes. The electrodes can be placed at other locations, such as

other locations on the torso, while still being able to detect the electrical signals associated

with Lead I of the Einthoven triangle. The important aspect is that the electrodes are



positioned to define an axis that is generally parallel to the coronal plane of the body and

perpendicular to the sagittal plane of the body.

[00184] FIG. 11B shows the arrangement of the second limb lead (e.g., Lead II) within

Einthoven's triangle relative to the body. Lead II is defined as the axis that extends from the

right should to the left leg. Lead II is about 60° off (e.g., below) of being parallel to the

coronal plane of the body and about -30° off (e.g., to the left) of being parallel to the sagittal

plane of the body. Electrical signals associated with Lead II are generally measured or

detected by placing a negative electrode (represented by the minus (-) symbol) on the right

shoulder and placing a positive electrode (represented by the plus (+) symbol) on the left leg.

However, placement of the negative and positive electrodes at the right shoulder and the left

leg merely represents the preferred locations of the electrodes. The electrodes can be placed

at other locations, such as other locations on the torso, while still being able to detect the

electrical signals associated with Lead II of the Einthoven triangle. The important aspect is

that the electrodes are positioned to define an axis that is about 60° below parallel to the

coronal plane of the body and about -30° off (e.g., to the left) of being parallel to the sagittal

plane of the body.

[00185] FIG. l l C shows the arrangement of the third limb lead (e.g., Lead III) within

Einthoven's triangle relative to the body. Lead III is defined as the axis that extends from the

left shoulder to the left leg. Lead III is about 120° off (e.g., below) of being parallel to the

coronal plane of the body and about 30° off (e.g., to the right) of being parallel to the sagittal

plane of the body. However, because Lead III is defined based on the left shoulder, rather

than the right shoulder of Lead II, Lead III is generally the mirror image of Lead II relative to

the sagittal plane of the body. Electrical signals associated with Lead III are generally

measured or determined by placing a negative electrode (represented by the minus (-)

symbol) on the left shoulder and placing a positive electrode (represented by the plus (+)

symbol) on the left leg. However, placement of the negative and positive electrodes at the

left shoulder and the left leg merely represents the preferred locations of the electrodes. The

electrodes can be placed at other locations, such as other locations on the torso, while still

being able to detect the electrical signals associated with Lead III of the Einthoven triangle.

The important aspect is that the electrodes are positioned to define an axis that is about 120°

below parallel to the coronal plane of the body and about 30° off (e.g., to the right) of being

parallel to the sagittal plane of the body.



[00186] With electrodes positioned according to Lead I, II, and III, the electrodes can detect

characteristic waveforms associated with how the three-dimensional cardiac electrical vector

propagates within the body as the heart beats. FIG. 12 shows a diagram of one period of an

ECG signal or trace of a heartbeat, along with labels of the associated waves generated within

the ECG signal. The first wave, the P-wave, represents depolarization of the atria of the

heart. More specifically, the first half of the P-wave is the activation of the right atrium, and

the second half of the P-wave is the activation of the atria septum and the left atrium. The

duration of the P-wave can vary between about 0.08 and about 0.1 1 seconds in normal adults.

The Q, R, and S-waves are generally grouped together as the QRS complex and refer to the

ventricular repolarization of the heart. The T-wave represents the ventricular repolarization.

[00187] Clinical recording of the ECG waves or signals requires accurate placement of the

electrodes on the body. Accurate placement consists primarily of placing the electrodes

within the specific axes described above for the specific leads (e.g., Lead I, II, and III).

Although the locations of the electrodes may impact the waveforms, the locations merely

affect the amplitudes of the waveforms within each lead. Thus, while the preferred locations

of the electrodes are shown in FIGS. 11A-l 1C, the electrodes can be placed on the chest.

[00188] Although it may be relatively easy for a cardiologist to correctly orient the electrodes

and/or identify the orientations of the electrodes from sample ECG waveforms, an untrained

user (e.g., consumer, a non-cardiologist, etc.) may have difficulty orienting the electrodes

and/or identifying the electrode locations and/or orientations from the waveforms. Further,

based on the potential variability of the resulting ECG waveforms, algorithms processing the

ECG waveforms also may not be able to correctly identify the electrode locations and/or

orientations based solely on the waveforms themselves. For example, the individual

components of a standard ECG signal are affected independently by the lead type being

recorded. In general, Lead I presents a positive P-wave, a negative Q-wave, a large positive

R-wave, and a positive T-wave. The S-wave is generally missing for Lead I . Lead II

presents a large positive P-wave, a large positive R-wave, a negative S-wave, and a positive

T-wave. The Q-wave is generally missing for Lead II. Lead III presents large negative Q, R,

and S-waves, a small P-wave, and a negative T-wave. Deviations from these patterns can

represent incorrect electrode placement (e.g., orientation). Thus, purely using algorithms to

determine the correct orientation is not possible. Further, deviations from these patterns can

represent issues with the heartbeat of the user being examined. In this case, the deviations

allow for a cardiologist to determine specific anatomical regions of the heart with abnormal

electrophysiology. For example, an inverted or biphasic P-wave in Lead I may indicate



issues with the atrial pacemaker of the heart. However, without knowing that the electrodes

are placed correctly, an inverted or biphasic P-wave in Lead I may merely mean that the

electrodes are placed incorrectly. Therefore, according to the concepts of the present

disclosure, a wearable device (e.g., wearable device 100) can automatically determine its

orientation, along with the orientation of one or more electrodes contained within the device,

to automatically determine the orientation of the electrodes relative to generated ECG signals

from the body.

[00189] As discussed above, the wearable device 100 discussed herein can contain electrical

contacts 115 to detect the ECG waveforms generated by the body (e.g., heart). More

specifically, the electrical contacts 115 can include a positive contact 115 and a negative

contact 115 similar to positive and negative contacts of FIGS. 11A-l 1C, but contained within

a single device. In some aspects, the electrical contacts 115 are either in contact with the skin

of the user, or within a distance of the skin (e.g., within about 3 mm) but still able detect or

sense the ECG signals. Further, the electrical contacts 115 are configured on the wearable

device 100 to be a known distance apart and an a known arrangement with respect to each

other.

[00190] According to the aspects of the present disclosure discussed above, the wearable

devices 100 can detect its location on the body of the user. However, in the case of a

heartbeat, as an example, the wearable device 100 must also know its orientation with respect

to the body, such as with respect to the torso and its position relative to the Einthoven triangle

(e.g., Lead I, II, or III). In accord with aspects of the present disclosure, in addition to the

electrical contacts 115, the wearable device 100 also includes the accelerometer 105,

discussed above. Using the accelerometer 105, and according to conventional techniques,

such as those discussed in M . Pedley, Tilt Sensing Using a Three-Axis Accelerometer,

Freescale Semiconductor Application Note, Document Number AN3461, Rev. 6, March

2013, the disclosure of which is hereby incorporated by reference herein in its entirety, the

accelerometer 105 can detect the wearable device 100's orientation with respect to the body,

particularly the orientation of the wearable device 100 relative to Lead I, II, or III. In some

aspects, accelerometer information on, for example, posture, activity, and movements,

discussed above, can provide further information on the position and orientation of the

wearable device 100 on the torso. Further, the electrical contacts 115 of the wearable device

100 are configured in a known arrangement with respect to the accelerometer 105. By

knowing the orientation of the accelerometer 105, and wearable device 100 in general, the

wearable device 100 also knows the orientation of the electrical contacts 115. By knowing



the orientation of the electrical contacts 115, the wearable device 100 can determine whether

the electrical contacts 115 are arranged in the Lead I, II, or III orientation.

[00191] FIG. 13 shows orientations of three wearable devices 1300a-1300c relative to axes of

the Leads I, II, and III discussed above, in accord with aspects of the present disclosure. The

wearable devices 1300a-1300c can be ECG wearable devices 100. However, in some

aspects, the wearable devices 1300a- 1300c may not include one or more components of the

wearable device 100, such as the temperature sensor 113, depending on the overall

functionality of the wearable devices 1300a- 1300c.

[00192] To detect the electrical signals of the body, the wearable devices 1300a-1300c also

include contacts (e.g., electrical contacts 115). Specifically, the wearable devices 1300a-

1300c include negative contacts 1304a- 1304c and positive contacts 1306a- 1306c. The

wearable devices 1300a-1300c are configured so that the positions of the accelerometers

1302a-1302c are known relative to the positions of the contacts (e.g., negative contacts

1304a-1304c and positive contacts 1306a-1306c). Based on the inclusion of the

accelerometers 1302a- 1302c, the wearable devices 1300a- 1300c are able to determine their

orientations relative to gravity and the heart of the user. Based on the orientations of the

wearable devices 1300a-1300c relative to the heart, and the known orientations of the

electrodes 1304a-1306c within the wearable devices 1300a-1300c, the wearable devices

1300a-1300c can determine what lead position (e.g., Lead I, II, or III) they are arranged in

relative to the body.

[00193] More specifically, using the accelerometer information from the accelerometers

1302a- 1302c, the wearable devices 1300a- 1300c can determine their angle with respect to the

axes of the body (e.g., coronal plane), otherwise referred to as their classification. Based on

the angles of the wearable devices 1300a-1300c relative to the axes of the body, the wearable

devices 1300a- 1300c can determine what lead position they are in. For example, based on

the position of wearable device 1300a being about parallel (e.g., θ 1 = 0°) to the coronal plane

of the body, the wearable device 1300a can determine that it is in the Lead I orientation.

Based on the position of wearable device 1300b being about 60° below parallel (e.g., θ2 =

60°) being parallel to the coronal plane of the body, the wearable device 1300b can determine

that it is in the Lead II orientation. Based on the position of wearable device 1300c being

about 120° below parallel (e.g., θ2 = 120°) to the coronal plane of the body, the wearable

device 1300c can determine that it is in the Lead III orientation.



[00194] In some aspects, the wearable devices 1300a-1300c can include a truth table, such as

in the form of an algorithm, that is stored in, for example, memory (e.g., memory storage

module 103) and processed by a processor (e.g., processor 101) for determining what position

the wearable devices 1300a- 1300c are in based on the determined information from the

accelerometers 1302a- 1302c. Specifically, the orientations of the accelerometers 1302a-

1302c can be determined based on the coronal angle Θ (e.g., θ ι, θ2, θ2) . If the coronal angle Θ

is determined to be about 0°, the orientation of the wearable device is determined as Lead I .

If the coronal angle Θ is determined to be about 60° relative to and below the coronal plane,

the orientation of the wearable device is determined as Lead II. If the coronal angle Θ is

determined to be about 120° relative to and below the coronal plane, the orientation of the

wearable device is determined as Lead III.

[00195] In some aspects, the orientations of the wearable devices 1300a-1300c based on the

coronal angle Θ can include a tolerance margin δ . The tolerance margin δ can accommodate

for orientations of the wearable devices 1300a-1300c that are not exactly the angles discussed

above but close enough (e.g., within the pre-defined tolerance margin δ) for accurate and

processing sensing of the ECG waveforms by the wearable devices 1300a- 1300c. In some

aspects, the tolerance margin δ can be, for example, 1°, 2°, 5°, 10°, or 15°. In some aspects,

the value of the tolerance margin δ can be set based on the experience level of the intended

user of the wearable devices 1300a- 1300c. For example, for wearable devices 1300a- 1300c

used in a medical setting and which may be used by a trained professional (e.g., clinician,

technician, doctor, etc.), the tolerance margin δ may be lower, such as 3°. For wearable

devices 1300a- 1300c used by untrained users, such as laypeople, the tolerance margin δ may

be higher to accommodate the greater difference from the preferred orientation based on the

lack of skill of the user placing the wearable devices 1300a-1300c of the bodies. However,

regardless of whether the wearable devices 1300a-1300c include tolerance margins δ with

respect to determining the coronal angle Θ, coronal angles Θ that are determined to be outside

of the values discussed above are classified as unknown or unreliable.

[00196] In some aspects, the wearable devices 1300a-1300c can include indicators (e.g.,

visual, audible, and/or tactile indicators) that indicate when orientations are unknown or

unreliable to allow for a user to adjust the orientations. In some aspects, the indicators can

provide indications for how the user should manipulate the position of the wearable devices

1300a-1300c to correct the orientation. For example, if a coronal angle is off by a known

amount (e.g., 10°), the wearable devices 1300a-1300c can provide indicators that indicate the



direction to move the wearable devices 1300a- 1300c and the amount of movement. In some

aspects, the wearable devices 1300a- 1300c output an indication to a computer device in

communication with the wearable devices 1300a- 1300c indicating that the orientations are

unknown or unreliable, and the computer device can include the indicators (e.g., visual,

audible, tactile).

[00197] Referring to FIG. 14, FIG. 14 shows the three ideal placements of the wearable

devices 1300a-1300c relative to the body 301 of a user, such as a human user, in accord with

aspects of the present concepts. As shown, wearable device 1300a is placed on the upper

torso of the body 301 in the Lead I orientation. Wearable device 1300b is placed on the

upper torso of the body 301, below wearable device 1300a, in the Lead II orientation.

Wearable device 1300c is placed on the upper torso of the body 301, below wearable device

1300a and to the side of wearable device 1300b, in the Lead III orientation. With the

wearable devices 1300al-1300c arranged on the body 301 as shown, the wearable devices

1300a-1300c can detect the characteristic ECG waveforms of Leads I, II, and III,

respectively. However, the specific positions and orientations of the wearable devices 1300a-

1300c are merely for illustrative purposes, and the position and orientation of each specific

wearable devices 1300a-1300c can vary as discussed above.

[00198] FIG. 15 shows example ECG waveforms collected from the wearable devices 1300a-

1300c in the orientations and locations shown in FIG. 14, in accord with aspects of the

present disclosure. For ease of illustration and explanation, the ECG waveforms for one or

more certain leads (e.g., Lead I) have been scaled for comparing morphology of each lead.

For example, without normalization, Lead I may have a small amplitude relative to Leads II

and III, requiring amplification for visualization. In some aspects, ECG information

generated by the contacts can be continuously, periodically, and/or on demand collected

and/or processed by the wearable devices 1300a-1300c to extract features about the ECG

waveforms, such as the P-wave, the QRS complex, and the T-wave. In some aspects, the

ECG information is collected by the contacts continuously and/or periodically based on

detected movement by the accelerometer 105.

[00199] Similar to configuring the functionality and/or operation of the wearable device 100

after determining the on-body status and/or location, after detecting the ECG waveforms

shown in FIG. 15, the wearable devices 1300a-1300c can further process and/or analyze the

ECG waveforms for various purposes. Initially, the wearable devices 1300a- 1300c can

characterize the waveforms to, for example, determine the elements of the waveforms (e.g.,

P-wave, Q-wave, R-wave, S-wave, QRS complex, T-wave, etc.) Characterization of the



waveforms or determination of the waveform elements can be performed any number of

ways, such as the ways disclosed in: J . Pan and W.J. Tompkins, A Real-Time QRS Detection

Algorithm, IEEE Transactions on Biomedical Engineering, Vol. BME-32, No. 2, pp. 230-236

(1985); P. Laguna et al., Automatic Detection of Wave Boundaries in Multilead ECG

Signals: Validation with the CSE Database, Computers and Biomedical Research, Vol. 27,

No. 1, pp. 45-60 (1994); R . Jane et al., Evaluation of an Automatic Threshold Based Detector

of Waveform Limits in Holter ECG with the QT Database, Computers in Cardiology, Vo. 24,

pp. 295-298 (1997); and N . Boichat et al., Wavelet-Based ECG Delineation on a Wearable

Embedded Sensor Platform, Sixth International Workshop on Wearable and Implantable

Body Sensor Networks, BSN 2009, Berkeley, CA, USA, June 3-5 (2009), each of which are

hereby incorporated herein by reference in its entirety. In addition, open source software is

available from, for example, PhysioNet at http://www.physionet.org/physiotools/ecgpuwave/.

In some aspects, the characterization and/or determination of the waveform elements can be

determined based on the lead to which the wearable devices 1300a-1300c corresponds.

[00200] Upon characterizing the waveforms, the wearable devices 1300a- 1300c can perform

additional processing and/or analysis on the waveforms. The processing and/or analysis can

be based on, at least in part, the classified lead type (e.g., Lead I, II, or III), the coronal angle

Θ, or a combination thereof. For example, the classified lead type and/or the coronal angle Θ

can be used as parameters within ECG-based algorithms. Expected ECG morphology and/or

lead-derived heartbeat templates can also be used for ECG quality estimation. As a

collective, the waveforms from the wearable devices 1300a- 1300c can provide P/T-wave

enhancements by using, for example, the Lead III waveform in conjunction with either the

Lead I or Lead II waveform.

[00201] According to one embodiment, the wearable devices 1300a-1300c can be used to

determine the electrical cardiac axis of the user upon which wearable devices 1300a-1300c

are placed. The electrical cardiac axis is the general direction of the ventricular

depolarization wave front in the plane of the Leads I, II, and III. The electrical cardiac axis

can be an important clinical feature in diagnosing issues with the heart. For example, the

likelihood of a user (e.g., a patient) having an abnormality typically increases as the electrical

cardiac axis is beyond 90° or less than -30°. The electrical cardiac axis can be determined

based on information from two of the wearable devices 1300a- 1300c. As an example, the

amplitude of the R-waves from two of the wearable devices 1300a- 1300c, along with their



orientation angles, can be used to determine the electrical cardiac axis. For Leads I and II, the

calculation of the electrical cardiac axis is given by Equation 1:

^cardiac <P > l = Rf + R + R S φ (1)

which can be written to solve for the electrical cardiac axis according to Equation 2 :

CARDIAC AXIS(R cardiac , R ) = arcsin(fl ) (2)

where is the electrical cardiac axis, R is the amplitude of the R-wave for Lead I, Rn is the

amplitude of the R-wave for Lead II, and θ is the coronal angle of Lead I . Based on these

equations, the wearable devices 1300a- 1300c can automatically calculate the electrical cardiac

axis by a user placing the wearable devices 1300a- 1300c on their body, and having the

wearable devices detect their orientation and ECG signals. Thus, by use of accelerometer

information form the accelerometers 1302a- 1302c of the wearable devices 1300a- 1300c for

the calculation of the electrical cardiac axis, the wearable devices 1300a- 1300c collectively

can determine the inter-lead angle without requiring the assumption on the placement of the

wearable devices 1300a- 1300c or requiring the wearable devices 1300a- 1300c orientated

exactly for each wearable device.

[00202] In addition to, or in the alternative of, determining the electrical cardiac axis,

upon determining their orientations and detecting the ECG waveforms, the wearable devices

1300a- 1300c can configure heartbeat detection algorithms based on the specific lead (e.g.,

Lead I, II, or III). Because each waveform for each lead varies, specific algorithms can be

used for each specific lead. Further, the wearable device 1300a- 1300c can be in

communication with each other, such as through the transceiver 107, or in communication

with another device (e.g., computer device off-body, such as a smartphone, a tablet, a laptop, a

computer, etc.) to perform additional analysis of the ECG signals. Such analysis includes, for

example, combining the ECG waveforms from multiple wearable devices 1300a- 1300c

through spatial filtering to more accurately detect components of the ECG waveforms, such as

the P, R, or T-waves. According to some embodiments, the wearable devices 1300a-1300c

can include data (e.g., metadata) with the waveforms for automatic configuration of other

devices, such as off-body computer devices that display and/or analyze the data for indicating

what lead the ECG waveform applies to. For example, an off-body computer device can

apply one or more filtering, amplifying, etc. processes on the waveforms based on the

metadata with the waveform indicating to what lead the waveform applies. Such processes

also include, for example, visually modifying the waveforms based on the detected lead. For



example, Lead I can be amplified and filtered (e.g., with respect to noise) to visualizing on a

display.

[00203] Based on the foregoing, wearable devices (e.g., wearable devices 1300a-1300c),

after detecting their location, being informed of their location (e.g., by one or more inputs

from the user), and/or based on assuming their location, can detect their orientations on the

user to determine what lead of the ECG signals that the wearable devices detect applies to,

and to perform additional processing and/or analysis on the ECG signals. Such analysis

includes automatically calculating the electrical cardiac axis of a user, among other

functionality. This provides for greater functionality and/or versatility by relying on a user to

correctly orient the wearable devices.

[00204] In some embodiments, the aforementioned methods include at least those steps

enumerated above. It is also within the scope and spirit of the present disclosure to omit

steps, include additional steps, and/or modify the order of steps presented herein. It should be

further noted that each of the foregoing methods can be representative of a single sequence of

related steps; however, it is expected that each of these methods will be practiced in a

systematic and repetitive manner.

[00205] The disclosure discussed herein can be applied to any wearable device 100 and/or

system including the capability of determining 3-axis accelerometer information, which can

enable a broad range of commercial applications. Such applications may include one that

requires the user to place a sensor at different body locations to derive location-specific

information. A wearable running coach, a wearable cross-fit monitor, and a wearable

Parkinson's disease motor symptom monitor are but a few examples of such applications.

[00206] While particular embodiments and applications of the present disclosure have been

illustrated and described, it is to be understood that the present disclosure is not limited to the

precise construction and compositions disclosed herein and that various modifications,

changes, and variations can be apparent from the foregoing descriptions without departing

from the spirit and scope of the invention as defined in the appended claims.



CLAIMS

What is claimed is:

1 . An electronic device worn on a user, the electronic device comprising:

one or more accelerometers configured to generate acceleration information based on

acceleration experienced by the electronic device;

a processor; and

one or more associated memories, the one or more associated memories including

computer program code executable by the processor, the processor, configured by the

computer program code, causes the electronic device to:

process the acceleration information to extract features from the acceleration

information; and

process the features to determine a location of the electronic device on the user.

2 . The electronic device according to claim 1, wherein the features comprise one or more

of a dominant frequency, a frequency range, an acceleration scale, an acceleration range, an

energy, and an entropy of the acceleration information.

3 . The electronic device according to claim 1, wherein the processer, configured by the

computer program code, and with respect to the processing of the features, causes the

electronic device to:

process the features based on a decision tree analysis to determine the location of the

electronic device.

4 . The electronic device according to claim 3, further comprising:

a temperature sensor configured to measure temperature information associated with the

electronic device,

wherein the processor, configured by the computer program code, causes the electronic

device to:

process the temperature information to determine a temperature, a change in

temperature, a rate of change in temperature, or a combination thereof; and

determine a state of the electronic device based, at least in part, on the

temperature, the change in temperature, the rate of change in temperature, or a

combination thereof,



wherein the decision tree analysis is based, at least in part, on the state of the electronic

device.

5 . The electronic device according to claim 4, wherein the temperature sensor is a sub

component of at least one of the one or more accelerometers.

6 . The electronic device according to claim 5, wherein the state is an on-body status of

the electronic device on the user.

7 . The electronic device according to claim 1, wherein, in response to determining the

location, the processor, configured by the computer program code, causes the electronic

device to:

in response to determining the location, process the acceleration information according to

one or more location-specific metrics selected based on the location to generate

location-specific information.

8 . The electronic device according to claim 1, further comprising:

one or more components,

wherein, in response to determining the location, the processor, configured by the

computer program code, causes the electronic device to:

activate at least one of the one or more components based on the location; and

process information generated by the at least one component according to one or

more location-specific metrics selected based on the location to generate

location-specific information.

9 . The electronic device according to claim 1, wherein the acceleration information is

generated continuously, periodically, and/or on demand.

10. The electronic device according to claim 1, wherein the acceleration information is

processed continuously, periodically, and/or on demand, and the features are processed

continuously, periodically, and/or on demand.

11 . The electronic device according to claim 1, wherein the processor, configured by the

computer program code, causes the electronic device to:



compare the location to one or more previously determined locations of the electronic

device on the user; and

validate the determination of the location based on the comparison.

12. A method of determining a location of a wearable device on a user, the method

comprising:

generating acceleration information based on acceleration experienced by the wearable

device;

processing the acceleration information to extract features from the acceleration

information; and

processing the features to determine the location of the wearable device on the user.

13. The method according to claim 9, wherein the features comprise one or more of a

dominant frequency, a frequency range, an acceleration scale, an acceleration range, an

energy, and an entropy of the acceleration information.

14. The method according to claim 9, wherein the processing of the features comprises:

processing the features based on a decision tree analysis to determine the location of the

wearable device.

15. The method according to claim 14, further comprising:

measuring temperature information associated with the wearable device based on a

temperature sensor within the wearable device;

processing the temperature information to determine a temperature, a change in

temperature, a rate of change in temperature, or a combination thereof; and

determining a state of the wearable device based, at least in part, on the temperature, the

change in temperature, the rate of change in temperature, or a combination thereof,

wherein the decision tree analysis is based, at least in part, on the state of the wearable

device.

16. The method according to claim 15, wherein a motion sensor within wearable device

generates the acceleration information, and the temperature sensor is a sub-component of the

motion sensor.



17. The method according to claim 16, wherein the state is an on-body status of the

wearable device on the user.

18. The method according to claim 12, further comprising:

in response to determining the location, processing the acceleration information according

to one or more location-specific metrics selected based on the location to generate

location-specific information.

19. The method according to claim 12, further comprising:

activating one or more components of the wearable device based on the location; and

processing information generated by the one or more components according to one or

more location-specific metrics selected based on the location to generate location-

specific information.

20. The method according to claim 12, wherein the acceleration information is generated

continuously, periodically, and/or on demand.

21. The method according to claim 12, wherein the acceleration information is processed

continuously, periodically, and/or on demand, and the features are processed continuously,

periodically, and/or on demand.

22. The method according to claim 12, further comprising:

comparing the location to one or more previously determined locations of the electronic

device on the user; and

validating the determination of the location based on the comparison.

23. An electronic device worn on a user, the electronic device comprising:

one or more accelerometers configured to determine acceleration information during a

first period;

a processor;

one or more associated memories, at least one of the associated memories including

computer program code executable by the processor, the processor, configured by the

computer program code, causes the electronic device to:



extract features from the acceleration information, the features characterizing the

acceleration information during the first period;

determine a location of the wearable device on the user as one of a plurality of

predefined locations based on the features; and

configure functionality of the wearable device based on the location and one or

more location-specific metrics associated with the one of the plurality of

predefined locations.

24. The electronic device according to claim 23, wherein the plurality of predefined

locations comprise a chest, an abdomen, an upper arm, a lower arm, a wrist, an upper leg, a

lower leg, and an ankle of the user.

25. The electronic device according to claim 23, further comprising:

one or more components configured to generate location-specification information,

wherein the processor, configured by the computer program code, causes the electronic

device to:

selectively activate at least one of the one or more components based on the location.

26. The electronic device according to claim 23, wherein the processor, configured by

the computer program code, causes the electronic device to:

process the features based on a decision tree analysis to determine the location,

wherein the decision tree analysis is generated based on previously determined

acceleration information associated with the plurality of predefined locations.

27. A method of configuring a wearable device based on the wearable device

determining its location on a user, the method comprising:

determining acceleration information during a first period based on one or more

accelerometers included within the wearable device;

extracting features from the acceleration information, the features characterizing the

acceleration information during the first period;

determining the location of the wearable device on the user as one of a plurality of

predefined locations based on the features; and



configuring functionality of the wearable device based on the location and one or more

location-specific metrics associated with the one of the plurality of predefined

locations.

28. The method according to claim 27, wherein the plurality of predefined locations

comprise a chest, an abdomen, an upper arm, a lower arm, a wrist, an upper leg, a lower leg,

and an ankle of the user.

29. The method according to claim 27, further comprising:

selectively activating at least one of one or more components within the wearable device

configured to generate location-specification information based on the location.

30. The method according to claim 27, wherein the determining of the location

comprises:

processing the features based on a decision tree analysis to determine the location,

wherein the decision tree analysis is generated based on previously determined

acceleration information associated with the plurality of predefined locations.

31. An electronic device worn on a user, the electronic device comprising:

one or more accelerometers and temperature sensors configured to generate acceleration

information and temperature information based on acceleration and skin temperature

experienced by the electronic device;

a processor; and

one or more associated memories, the one or more associated memories including

computer program code executable by the processor, the processor, configured by the

computer program code, causes the electronic device to:

process the acceleration and skin temperature information to extract features from

the acceleration information; and

process the features to determine a location of the electronic device on the user.

32. The electronic device according to claim 31, wherein the features comprise one or

more of a dominant frequency, a frequency range, an acceleration scale, an acceleration

range, an energy, and an entropy of the acceleration information and skin temperature range

with 0.01 C precision.



33. An electronic device wearable on a user comprising:

a temperature sensor configured to measure temperature information associated with the

electronic device;

a processor; and

one or more associated memories, the one or more associated memories including

computer program code executable by the processor, the processor, configured by the

computer program code, causes the electronic device to:

process the temperature information to determine a temperature, a change in

temperature, a rate of change in temperature, or a combination thereof; and

determine an on-body status of the electronic device on the user based on the

temperature, the change in temperature, the rate of the change in temperature,

or a combination thereof.

34. The electronic device according to claim 33, wherein the processor, configured by

the computer program code, causes the electronic device to:

change a mode of operation based, at least in part, on the on-body status.

35. The electronic device according to claim 33, wherein the processor, configured by

the computer program code, causes the electronic device, upon determining the on-body

status as an on-body state, to:

determine a location of the electronic device on the user based on the temperature, the

change in temperature, the rate of change in temperature, or a combination thereof.

36. The electronic device according to claim 35, wherein the processor, configured by

the computer program code, causes the electronic device to:

configure functionality of one or more components of the electronic device, one or more

devices associated with the electronic device, or a combination thereof based, at least

in part, on the location.

37. The electronic device according to claim 33, wherein the temperature sensor is a sub

component of a component of the electronic device.

38. The electronic device according to claim 37, wherein the component is a

microelectromechanical system.



39. The electronic device according to claim 38, wherein the microelectromechanical

system is a motion sensor.

40. The electronic device according to claim 33, wherein the temperature information is

based, at least in part, on a skin temperature of the user when the electronic device is in an

on-body state.

41. The electronic device according to claim 33, wherein the temperature information is

based, at least in part, on ambient air temperature when the on-body status is an off-body

state.

42. A method for determining a status of an electronic device, the method comprising:

measuring temperature information associated with the electronic device based on a

temperature sensor within the electronic device;

processing the temperature information to determine a temperature, a change in

temperature, a rate of change in temperature, or a combination thereof; and

determining an on-body status of the electronic device based, at least in part, on the

temperature, the change in temperature, the rate of change in temperature, or a

combination thereof.

43. The method according to claim 42, further comprising:

changing a mode of operation of the electronic device based, at least in part, on the on-

body status.

44. The method according to claim 42, further comprising:

determining a location of the electronic device on a user based, at least in part, on the

temperature, the change in temperature, the rate of change in temperature, or a

combination thereof based on the on-body status being determined as an on-body

state,

wherein the temperature information is based, at least in part, on a skin temperature at the

location.

45. The method according to claim 44, further comprising:



configuring functionality of one or more components of the electronic device, one or

more devices associated with the electronic device, or a combination thereof based, at

least in part, on the location.

46. The method according to claim 44, further comprising:

monitoring the temperature, the change in temperature, the rate of change in temperature,

or a combination thereof; and

updating the location of the electronic device based, at least in part, on the monitoring.

47. The method according to claim 42, wherein the temperature sensor is a sub

component of a component of the electronic device.

48. The method according to claim 47, wherein the component is a

microelectromechanical system.

49. The method according to claim 48, wherein the microelectromechanical system is a

motion sensor.

50. The method according to claim 44, further comprising:

monitoring the temperature, the change in temperature, the rate of change in temperature,

or a combination thereof; and

updating the on-body status of the electronic device based, at least in part, on the

monitoring.

51. A method of configuring a wearable device comprising:

generating acceleration information based on acceleration experienced by one or more

motion sensors within the wearable device;

measuring temperature information experienced by the wearable device based on a

temperature sensor within the wearable device;

determining an on-body status of the wearable device based on the acceleration

information, the temperature information, or a combination thereof; and

configuring functionality of the wearable device based, at least in part, on the on-body

status.



52. The method of configuring the wearable device according to 51, wherein configuring

the functionality of the wearable includes operating the wearable device in a selected one of

an on mode, a sleep mode, an off mode, and a recharge mode.

53. The method of configuring the wearable device according to claim 51, further

comprising:

determining a location of the wearable device on a user, with the on-body status in an on-

body state, based on the acceleration information, the temperature information, or a

combination thereof; and

configuring the functionality of the wearable device based, at least in part, on the

location.

54. An electronic device worn on a user, the electronic device comprising:

at least two electrical contacts configured to detect an electrical signal at the surface of

the user, the electrical signal being an electrocardiogram signal;

an accelerometer configured to generate acceleration information experienced by the at

least two electrical contacts;

a processor; and

one or more associated memories, the one or more associated memories including

computer program code executable by the processor, the processor, configured by the

computer program code, causes the electronic device to:

acquire the electrical signal at the surface of the user through the at least two

electrical contacts;

process the acceleration information generated by the accelerometer to determine

an orientation of the at least two electrical contacts relative to the user; and

determine which limb lead electrocardiogram signal the electrical signal

represents based on the orientation.

55. The electronic device of claim 54, wherein the limb lead is one of Lead I, Lead II, or

Lead III.

56. The electronic device of claim 55, wherein an orientation of the at least two electrical

contacts of about 0° relative to horizontal represents Lead I, an orientation of the at least two



electrical contacts of about 60° below horizontal represents Lead II, and an orientation of the

at least two electrical contacts of about 120° below horizontal represents Lead III.

57. The electronic device of claim 54, wherein one electrical contact of the at least two

electrical contacts is configured as a positive contact and one electrical contact of the at least

two electrical contacts is configured as a negative contact.

58. The electronic device of claim 54, wherein the processor, configured by the computer

program code, causes the electronic device to:

apply one or more algorithms to the electrical signal based on the determined limb lead.

59. The electronic device of claim 54, wherein the processor, configured by the computer

program code, causes the electronic device to:

acquire the electrical signal, process the acceleration information, or a combination

thereof continuously, periodically, and/or on demand.

60. The electronic device of claim 59, wherein the processor, configured by the computer

program code, causes the electronic device to:

acquire the electrical signal, process the acceleration information, or a combination

thereof during detected movement of the electronic device, the user, or a combination

thereof based on the acceleration information.

61. A sensor system worn on a surface of a user, the sensor system comprising:

at least three wearable devices, each wearable device including:

a pair of electrical contacts configured to detect an electrical signal at the surface of

the user, the electrical signal being an electrocardiogram signal; and

an accelerometer configured to generate acceleration information experienced by the

pair of electrical contacts;

a processor; and

one or more associated memories, the one or more associated memories including

computer program code executable by the processor, the computer program code

causes the processor to:

cause the three pairs of electrical contacts to acquire electrical signals at the surface of

the user;



process the acceleration information generated by the three accelerometers to

determine orientations of the three pairs of electrical contacts relative to the user;

and

assign limb leads to the three electrical signals based on the orientations of the three

pairs of electrical contacts.

62. The sensor system of claim 61, wherein the computer program code causes the

processor to:

process at least two of the three electrical signals to determine R-waves of the two

electrical signals; and

calculate, based on the R-waves of the two electrical signals and the orientations of the

two pairs of electrical contacts associated with the two electrical signals, an electrical

cardiac axis of the user.

63. The sensor system of claim 62, wherein the two electrical signals represent Lead I

and Lead II.

64. A method of classifying an electrical signal within an electrocardiography process,

the method comprising:

attaching a wearable device to a surface of a user, the wearable device including:

a pair of electrical contacts configured to detect an electrical signal at the surface of

the user, the electrical signal being an electrocardiogram signal; and

an accelerometer configured to generate acceleration information experienced by the

pair of electrical contacts;

detecting the electrical signal at the surface of the user with the pair of electrical contacts;

determining an orientation of the pair of electrical contacts relative to the user based on

the acceleration information; and

determining whether the electrical signal represents a Lead I, Lead II, or Lead III

electrocardiogram signal based on the orientation.

65. The method of claim 64, wherein the orientation of the pair of electrical contacts is

based on an angle of the electrical contacts with respect to a coronal axis of the user.



66. The method of claim 65, wherein an angle of about 10° above to about 10° below the

coronal axis corresponds to Lead I, an angle of about 50° below to about 70° below the

coronal axis corresponds to Lead II, and an angle of about 110° below to about 130° below to

the coronal axis corresponds to Lead III.

67. The method of claim 64, further comprising:

configuring the wearable device based on which electrocardiogram signal the electrical

signal represents.

68. The method of claim 64, further comprising:

modifying a waveform of the electrical signal based on which electrocardiogram signal

the electrical signal represents.

69. The method of claim 68, wherein the modification is one or more visual

modifications with respect to displaying the waveform on a display.

70. The method of claim 64, further comprising:

determining that the electrical signal represents none of the Lead I, Lead II, or Lead III

electrocardiogram signal based on the orientation; and

providing one or more visual, tactile, and/or audible indications on how to manipulate the

wearable device to orient the wearable device to acquire one of the Lead I, Lead II, or

Lead III electrocardiogram signals.
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