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(57) Abstract: Wearable devices are described herein includ-
ing a housing and a mount configured to mount the housing
to an external surface of a wearer. The wearable devices fur-
ther include first and second electrical contacts protruding
from the housing and configured such that the electrical con-
tacts can be used to measure a Galvanic skin resistance of
skin proximate to the electrical contacts when the wearable
device is mounted to the external surface of the wearer. The
electrical contacts are additionally configured to measure a
capacitance between electrical contacts. The measured capa-
citance between the electrical contacts could be related to a
capacitance of skin proximate to the electrical contacts when
the wearable device is mounted to the external surface of the
wearer. The wearable devices further include an electronic-
ally switched capacitor connected between (he electrical con-
tacts that can be operated to enable the Galvanic skin resist-
ance and capacitance measurements described above.
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SHARING A SINGLE ELECTRODE BETWEEN SKIN RESISTANCE AND
CAPACITANCE MEASUREMENTS

BACKGROUND

{86613 Unless otherwise indicated herein, the materials described in this section are
not prior art to the claims in this application and are not admitted to be prior art by inchision
in this section.

[6062] The Galvanic skin response 18 a change in the conductivity and/or clectrical
potential of the skin due to changes in the moisture level of the skin. This change in moisture
fevel can be caused by activation or inactivation of sweat glands in the skin. The Galvanic
skin response includes the Galvanic skin resistance {GSR, and/or the related Galvanic skin
conductance), a measure of the conductivity of the skin between two o1 more poiots, and the
Galvanic skin potential (GSP), a measure of the voltage difference between two or more

points on the skin.
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SUMMARY

(8003 Some embodiments of the present disclosure provide a wearable device,
including: (i) a howsing; (iU a mount configured to mount the bousing to an cxtornal body
surface; (in1) first and second electrical contacts protruding from the housing, wherein the first
and second electrical contacts are configured to contact skin at the external body surface
when the housing is mounted on the external body surface; and (v} electronics disposed in
the wearable device, wherem the electronics comprises: (a) a capacitor, wherein the capacitor
has a specified capacitance: (b} an electronic switch in series with the capacitor, wherein the
series combination of the capacitor and the clectronic switch is electronically coupled to the
fist and second clectrical cowmtacts; {¢) a resistance sensor configured to obtain #
measurement relating to a resistance of the skin between the first and second electrical
contacts when the electronic switch is closed and the wearable device is mounted to the
external body surface; and (d) a capacitance sensor configured to obtain a measurement
relating to a capactiance of the skin between the fivst and second electrical contacts when the
clectronic switch is open and the wearable device is mounted to the external body surface.
(LR Some cmboediments of the present disclosure present a method, incloding: (3
mounting 2 wearable device 1o an oxternal body surface, wherein the wearable device
comprises: (a) a housing, (b) a mount configured to mount the housing to an external body
surface, {c¢) first and second elecirical contacts protruding from the housing, {d) a capacitor
having a specified capacitance, (¢} an clectronic switch in serics with the capacitor, wherein
the series combination of the capacitor and the electronic switch is clectronically coupled o
the first and second electrical contacts, (f) a resistance sensor configured to obiain a
measirenment relating to a resistance of skin between the first and second electrical contacts
when the electronic switch is closed, {g) a capacitance sensor configured to obtain a
measurement related to a capacitance between the first and second clecirical corndacts when
the electronic switch is open, wherein mownting the wearable device to an external body
surface comprises mounting the housing fo the external body surface using the mount such
that the fust and second clectrical contacts comtact skin at the cxternal body surface; (i)
operating, during a first period of time, the electronic switch such that the
electronic switch s closed; (1l charging, during the first period of time, the capacitor
using the resistance sgnsor; (iv) operating, during a sccond period of time, the electronic
switch such that the clectronic switch is closed; (v) obtaining, during the second period of
time, 8 measurement using the resistance sensor; (vi) determining a resistance of the skin
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between the first and second contacts based on the measurement obtained using the resistance
sensor during the second period of time; (vii) operating, during a third period of time, the
clecironic switch such that the clectromic switch is open; (vil) obtaining, during the thivd
period of time, & measurcment using the capacitance sensor; and (ix) determining a
capacitance between the first and second electrical contacts based on the measurement
obtained using the capacitance sensor during the third period of time.

186865} These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detatled description,

with reference where appropriate to the accompanying drawings.



WO 2016/022356 PCT/US2015/042658

BRIE¥F DESCRIPTION OF THE DRAWINGS

(LY Figure 1 is a perspective view of an example wearable device.
16687} Figure 2A 15 a perspective top view of an example wrist-mountable device,

when mounted on a wearer’s wrist,

[6068] Figure 2B is a perspective bottom view of the example wrist-mountable device
shown in Figure 2A, when mounted on a wearer’s wrist.

{68691 Figure 3A is a porspective bottom view of an example wrist-inouniable device,
when mounted on a wearer’s wrist.

[6018] Figure 38 is a perspective top view of the example wrist-mountable device
shown in Figure 34, when mounted on a woarer’s wrist.

6811} Figure 3C is a perspective view of the example wrist-mowuntable device shown
in Figures 3A and 3B.

16812} Figure 4A is a8 perspective view of an example wrist-mountabie device.

813} Figure 4B is a perspective bottom view of the example wrist-mountable device
shown in Figare 4A.

6814} Figure 5 is a perspective view of an example wrist-mountable device.
[G015] Figure G is a perspective view of an example wrist-roountable device,
{8616} Figure 7 is a block diagram of an cxample system that inchudes a phirality of

wearable devices i communication with a server.
[8017] Figure B is a functional block diagram of an cxample wearable device.

16618} Figure 9 is a functional block diagram of components disposed in an example
wearable device,

18619} Figure 1{} is a flowchart of an example method.
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DETAILED DESCRIPTION

18028} In the following detailed description, reference is made to the accompanying
figures, which form a part hereof. In the figures, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in the
detailed description, figures, and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without departing from the scope of the
subject matter presented herein. It will be readily understood that the aspects of the present
disclosurg, as generally described herein, and dlustrated in the figures, can be arranged,
substituted, combined, separated, and designed n 2 wide variety of different configurations,

all of which are explicitly contemplated herein.

i, Overview

166213 A wearable device may be configured to measure one or more physiological
parameters of the wearer. The one or more physiological parameters can include skin
resistance, which may be related to perspiration and, thus, the wearer’s activity level,
sympathetic nervous system  activity, and/or emotional state/affect. To measwre skin
resistance, the wearable device may mchide two electrical contacts that protrude from a
housing of the device so as to contact the wearer’s skin at a location such as the wearer’s
wrist, forcarin, upper arm, leg, thigh, etc. With the clectrical contacts against the wearer’s
skin, electronics within the device may be used to measure an external resistance between the
first and sccond electrical contacts. This external resistance is related to the wearer’s skin
resistance. The electrical contacts could additionally be emploved to detect & capacitance
between the first and second electrical contacts. A detected capacitance between the first and
second electrical contacts could be related to one or more physiclogical and/or health states
of the wearer. Additionally or alternatively, a detected capacitance between the first and
second electrical contacis could be used to deterorine whether the wearable device is mounted
to the wearer’s skin. The wearable device could be configured to operate based on such a
determination; ¢.g., to enter a low-power mode when the wearable device is not mounted to a
wearer’s skin.

6022} In some examples, the wearabie device includes a housing (e.g., a water-
resistant and/or water-proof housing) and a mount {e.g., a band) that can mount the housing

on a particular cxternal body location, such as a wrist. The first and sccond clectrical
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contacts may protrude from a side of the housing facing the skin at the body location, such
that the first and second clectrical contacts contact the skin when the housing is mounted on
the body location. Electronics disposed in the housing may inchude a resistance sensor
configured to obtain a measuroment relating to the resistance of the skin at the external body
surface, via the first and second electrical contacts, The electronics may additionally include
a capacifor having a specified capacitance clectronically combined i serics with an
clectronic switch. The serics combination of the capacitor and the clectronic switch is
clecironically coupled to the first and sccond electrical contacts such that the resistance
sensor or other elements of the elecironics could operate to close the clectronic swiich and to
charge the capacitor during a first period of time. The resistance scnsor or other elements of
the electronics could subsequently, during a second peried of time, maintain the electrome
switch closed and detect a temporal property of the voltage across the first and second
clectrical contacts {c.g., a voltage fall rate, a voltage fall time). A resistance of the skin at the
external  body  surface could be  detormined based on the detected  temporal
property. Electronics disposed in the housing may additionally include a capacitance sensor
configured to detect a capacitance between the first and second clectrical contacts (e.g., by
operating a relaxation oscillator to charge and subscquently discharge an cquivalem
capacitance between the first and second electrical contacts) when the clectronic switch is
oper.

16023] In some examples, the resistance sensor includes a voltage source configured
to provide a specified voltage (relative to the second electrical contact), a voltage sowrce
switch coupled to the voltage source, and a resistor (having a reference resistance} commected
between the voltage source switch and the first electrical contact. ln this way, the voltage
source can operate to charge the capacitor {e.g., to a speciticd voltage level) when the voltage
source switch and the electronic switch are closed. Subsequently, the voltage source switch
can be opened, causing the capacitor to discharge through the first and second electrical
contacts. A temporal property {¢.g., a voltage fall rate, a voltage fall time) of the voltage
between the first and second clectrical contacts when the capacitor is discharging could be
related to the specific capacitance of the capacitor and the resistance of the skin at the
external body surface. The resistance sensor may further inchude a voltage sensor configured
to sens¢ 2 voltage between the first and second electrical contacts directly (e.g., by being
elecirically coupled to the first electrical contact) or mdirectly (e.g., by being electrically
coupled to the first electrical contact via the resistor). In some examples, the voltage sensor

includes an analog-to-digital converter that provides a digital output representative of the
6
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voltage detected by the voltage sensor.

[8024] The clectronics in the housing may also inclade the capacitance scusor. The
capacitance sensor could be configured in a varicty of ways to enable the detection of a level
of capacitance between the first and second electrical contacts when the clectronic switch is
open. In some examples, the capacitance sensor could inchide a relaxation oscillator
configured to repeatedly charge and discharge an equivalent capacitance beitween the first and
second clectrical contacts between first and second specified voltages using specified charge
arrd discharge currents. Such a capacitance sensor could measare an operational frequency of
the relaxation oscillator, and a determined operational frequency could be used to determine a
value of the capacitance between the first and second electrical comtacts.  Other
configurations of the capacitance sensor, including capacitive bridges (1.e., one of the legs of
the capacitive bridge is the equivalent capacitance between the first and second electrical
contacts) and capacitive voltage dividers (L.e., a sense capacitor having a specified sense
capacitance could be clectrically coupled in series with the equivalent capacitance between
the first and second electrical contacts) are anticipated. In some examples, the capacitance
sensor could be electrically coupled to the first electrical contact through a blocking capacitor,
where the blocking capacitor has a specified blecking capacitance that is swch greater than
an expected vahie of capacitance between the first and second electrical contacts (e.g., much
greater than an expected skin capacitance of the skin at the external body surface).

18025} In somec examples, a capacitance value determined using the capacitance
sensor could be used to detormine whether the wearable device 18 mounted to skin of an
external body surface of a wearer. For example, if a determined capacitance value 1s below a
certain value, shows a sudden drop (e.g.. is sufficienily less than a capacitance value
determined during a previous time period), or satistics some other condition, it could be
determined that the wearable device is not mounted to skin of the wearer. Further, the
wearable device could be operated based on such a determination; for example, the
determination that the wearable device is not mounted to skin of a wearer could cause the
wearable device to enter a low-power and/or sleep mode (e.g., resistance or other seosors of
the wearable device, a user interface of the wearable device, or other clements of the
wearable device could be deactivated and/or put inte a low-power mode).

(8626} In some examples, the wearable device may inclode a user interface that is
configured to provide user-discernible indications {e.g., visual, audible, and/or tactile
mdications) of one or more physiological parameters measured and/or determined by the

device, such as skin resistance or skin capacitance as measured using the first and second
7
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clecirical contacts. In some examples, the user interface could additionally provide a means
for one or more settings of the wearable device {e.g., 8 frequency at which to perform skin
resistance and/or capacitance measurements) to be specified by a wearer according to the
wearer’s preferences.  In some examples, the wearable device may mclude a wireless
commuutication interface that can transmit data to an external device, for example, using
Bluctooth, ZigBee, WiFi, and/or some other wircless communication protocol. The data
transmitted by the wircless connmunication mterface may include data indicative of one or
more physiclogical parameters measured by the device, such as skin resistance.

(8627} Note that measuring, detecting, or otherwise determining a resistance as
described herein could include measuring, detecting, or otherwise determining a conductance.
That 1s, resistance, as used herein, is defined as the inverse of conductance, such that the
measurement, detection, or determination of a resistance is trivially related t¢ the
measurement, detection, or determination of a conductance. For example, a measured,
detected, or otherwise determined conductance {(c.g., of skin of an external body surface
between two electrical contacts) could be inverted {e.g., the conductance could be raised to
the -1 power, the namber 1 could be divided by the conductance, or some other equivalent
computation} to determine a related resistance {e.g., of skin of the external body surface
between the electrical contacts). Conversely, a measured, detected, or otherwise determined
resistance could be tnverted to determine a related conductance.

18028} Similarly, descriptions herein of indicating, determining some other variable
or factor based on, operating a device relative to, or otherwise using a measured, detected, or
otherwise determined reststance could equivalently describe such applications of a measured,
detected, or otherwise determined conductance and/or of a conductance determined by
inverting a resistance. Stmilarly, configurations, operations, and methods described herein in
relation to measurement, detection, or determination of a resistance could equivalently
describe the measurement, delection, or determination of a conductance and/or the

determination of a vesistance based on such a conductance by nverting the conductance.

. Example Wearable Bevices

(8029 A wearable device 100 can be configured to measure a skin resistance of skin
at an external body suwrface proximate to the wearable device 100, The wearable device 100
can also be configured to measure a capacitance of the skin at the external body swrface

proximate o the wearable device 100, The term “wearable device,” as used in this disclosure,
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refers to any device that is capable of being worn at, on or in proximity to an external body
surface, such as a wrist, ankle, waist, chest, or other body part. A mount 110, such as a bek,
wristband, ankle band, otc. can be provided to mount the device at, on or in proxiouty to the
external body surface. n some embodiments, a mount could additionally or alernatively
mclade an adhesive. For example, a mount coold include and adhesive and could be
configured such that it could be used to mount a wearable device to an external body surface
of a wearer without wrapping around a part of the wearer (e.g., a Hmb). The mount 10 may
prevent the wearable device 100 from moving relative to the body to ensure consistent
contact between the wearable device 100 and the skin to cnable consistent measurement of
the resistance and/or capacitance of the skin. In one example, shown in Figure |, the mount
F10, may take the form of a strap or band 120 that can be worn around a part of the body.
6838} A housing 130 is disposed on the mowunt 110 such that the housing 130 can be
positioned on an cxtornal surface of the body. In this position, a first electrical contact 160
and a second 170 clectrical contact protruding from the housing 130 could contact skin at the
external surface of the body such that the resistance and/or capacitance of the skin at the
external surface of the body could be measured between the first and second electrical
contacts 160, 170, Adduionally or alternatively, the capacitance between the first and second
electrical contacts 160, 170 could be measured when the wearable device 100 is not
positioned on an external body surface of the body. In some exampies, the first and second
clectrical contacts 160, 170 could be further configured to interface with a charger or other
device such that a rechargeable battery that powers the wearable device 100 could be charged
through the first and second electrical contacts 160, 170, Additionally or alternatively, such a
rechargeable battery could be charged wirelessly using a cotl and/or other compounents of the
wearable deviee 100,

{3031} The first and second electrical contacts 160, 170 could be composed of an
electrically conductive material, such as a metal or a combination of metals, or a nonmetal
conductor.  The first electrical contact 160 and second electrical contact 170 could be
composed of the same material or different materials. The first and second electrical contacts
160, 170 could each be composed of a single material or could be composed of multiple
materials, For example, the eclectrical contacts 160, 17 could have a bulk composed of one
material and a surface plating of another material. For example, the electrical contacts 160,
170, could have a bulk composed of copper and a surface composed of gold or of gold
alloyed with mickel and/or cobalt, The surface layer could be deposited by a number of

methods familiar to one skilled in the art; for example, clectroplating. Other compositions
9
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are possible, as well.

18632} The first and sccond elecirical contacts 164, 170 could be spring loaded. That
is, the electrical contacts 160, 170 could be configired to include one or more springs or
other elements that could be reversibly compressed. The electrical contacts 160, 170 could
be spring loaded in a direction perpendicular to an external surface of the body to which the
housing 130 could be mounted. That is, the clecirical contacis 160, 170 could be spring
foaded in order to Improve and/or make more consistent an electrical connection between the
elecirical contacts 160, 170 and skin of the external body surface to which the housing 130
was mounted by the mount 110, Alternatively, first and second clectrical contacts 160, 170
could be fixed relative to housing 130.

[B833] The geometry of the aspects of the electrical contacts 160, 170 that protrude
from the housing 130 could be configured to improve and/or make more consistent an
clectrical connection between the electrical contacts 160, 170 and skin of the external body
surface to which the housing 130 was mounted by the mount 110, For cxample, the
protruding aspects of the electrical contacts 160, 170 could be hemispherical, conical,
parabolic, cylindrical, or shaped in some other manner. The electrical coniacts 160, 170
could be flat or substantially flat plates (e.g., rectangular, triangular, or othor-shaped plates
protruding from the housing 130). The electrical contacts 160, 170 could have a faceted
geometry. For example, the electrical contacts 160, 170 could be triangular, rectangular, or
other-shapes pyramids. The protruding aspects of the clectrical contacts 160, 170 could have,
for example, a characteristic size (e.g., diameter of cylinders, cones, or hemispheres, width of
rectangular prisms or plates, or some other measure of size) between § and § millimeters.
Further, the protruding aspects of the electrical contacts 160, 170 could have an inscribed,
cast, and/or pressed texture or pattern.  Additionally or alternatively, the exposed aspects of
the clectrical contacts 160, 170 could be roughened mechanically, chemically, or by some
other method,  Other goometries, sives, surface treatments, and other aspects of the
configuration of the electrical contacts 166, 170 are anticipated.

16634} The clectrical contacts 160, 170 could be arvanged a distance apart such that a
resistance and/or capacitance measured using the electrical contacts 160, 170 could have a
desired property or properties. For example, the eclectrical contacts 160, 170 could be
separated by a distance of between | and 50 millimeters, such as about 25 millimeters. The
elecirical contacts 160, 170 could be disposed on the housing 130 such that, if the housing
130 1s mounted to a wrist of a wearer of the wearable device 100, the clectrical contacts 164,

176 would be arranged on a line substantislly parallel to the bones of the forcarm of the
10



WO 2016/022356 PCT/US2015/042658

wearer (1.€., the humerus and ulna). Other distances and directions are alse possible.

[8035] The housing 130 could be configured to be waier-resistant and/or water-proof.
That s, the housing could be configured to include sealants, adhesives, gaskets, welds, pross-
fitted seams, and/or other joints such that the housing 130 was resistant to water entering an
internal volume or volumes of the housing 130 when the housing 110 is exposed to water.
The housing [30 could further be water-proof, fc., rosistant fo water cntering an internal
volome or velumes of the housing 130 when the housing 130 15 submerged in water, For
example, the housing 130 could be water-proof to a depth of 1 meter, t.e., configured to resist
water eniering an internal volume or volumes of the housing 130 when the housing 130 is
submerged to a depth of 1 meter. Further, the interface between the housing 130 and the first
and second elecirical contacts 160, 170 protruding from the housing 130 could be configured
such that the combination of the housing 130 and the electrical contacts 160, 170 is water-
resistant and/or water-proof.

16636} The wearable device 100 inchudes electromics {not shown in Figure 1)
clectronically coupled to the first and second electrical contacts 1660, 170, The electronics are
configured to measure a resistance and a capacitance of the skin at an external surface of the
body proximate to the housing 130, using the first and sccond clectrical contacts 160, 170
when the wearable device 100 1s mounted 1o the external surface of the body.

68371 The electronics tnclude a capacitor and an electronic switch {e.g., a FET, a BIT,
a JFET, a relay, or some other elocironically-operated swiiching electronic clement) in serics
with the capacitor. The scries combination of the clectronic switch and the capacitor 15
clectronically coupled to the first and second electrical contacts 160, 178, Further, the
clecironics inchide a resistance sensor configured fo obtain a messurement relating to the
resistance of the skin between the fivst and second eloctrical contacts 160, 170 when the
electronic switch is closed. For example, the resistance sensor could be configurved to charge
the capacitor {e.g., to a specified voltage, during a specified duration of time, using a
specified current, using a specified voltage, or according to some other specified operation)
during a first period of time. The resistance sensor could then be operated 1o sense & vohtage
across the capacitor at one or more points in fime as the capacitor discharges through the skin
at the external body surface via the first and second electrical contacts 160, 170 during a
second period of time. Oune or more properties {c.g., a decay rale, a decay profile, a decay
time to half-voltage) of the voltage across the capacitor can be related to the resistance of the
skin between the first and second electrical contacts 160, 170, The one or more propertics

could be detecied using the resistance sensor (e.g., by using an ADC to measure the voltage
i
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related to the voltage across the capacitor at one or more points in time, by detecting the
cutput of a comparaior that roceives the voliage across the capacitor as an input) to dotermine
the resistance of the skin between the first and second electrical contacts 160, 170, Further,
the specified capacitance of the capacitor could be chosen to allow accurate measurement of
the resistance of the skin (e.g., by having a value chosen based on an expected resistance of
the skin between the first and second electrical comtacts 160, 170}  For example, the
capacitance of the capacitor could be approximately ¢.01 microfarads.

(6638} The electronics of the wearable device 100 include a capacitance sensor
configured to obtain a measurement relating to the capacitance between the first and second
clecirical contacts 160, 170 (e.g., a capacitance of skin between the contact 160, 170} when
the electronic switch is open. The capacitance sensor could be configured to apply specified
currents and/or voltages to the first and second electrical contacts 166, 170 via a varicty of
clectronic componenis i order to measure the capacitance. For example, the capacitance
sensor could include a relaxation oscillator. That is, the capacitance sensor could include
components configured to repeatedly charge and discharge an equivalent capacitance between
the first and second electrical contacts 160, 170 (c.g., a capacitance of skin, air, or other
substances between the fivst and second electrical contacts (60, 170) in a specified maoner
{e.g., by applying a specified charge/discharge current, by apply a specified charge/discharge
voltage to the first and second electrical contacts 160, 170 via a resistor having a specified
resistance) such that a frequency, 2 duty cycle, or some other property of the operation of the
relaxation oscillator is related to the capacitance between the first and second electrical
contacts 160, 170

(8439 The wearable device [00 could be operated based on a resistance and/or
capacitance detected as doscribed herein. For example, the wearable device 100 could be
configured to determine a health or other state of a wearer based on a determined resistance
and/or capacitance. The wearable device 100 could be configured to determine whether the
wearable device 100 is mounted to an external body surface of a wearer based on a value, a
change in value, and/or some other property of a determined resistance and/or capacitance.
For example, the wearable device could determine that the wearable device 100 is not
mounted to a wrist of a wearer based on a detected capacitance between the electrical
contacts 160, 170 being below a specified value and/or increasing or decreasing at s specified
rate and/or beyond a specified minimum amount of change in determined capacitance. The
wearable device 100 could be further configired to operate relative to such a determination,

For example, one or more sensors {c.g., the resistance sensor) could be disabled and/or
12
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operated in a low-power state when the wearable device 100 determines, based on ong or
more properties of a determined capacitance as described hevein, that the wearable device 100
is not mounted to skin of a wearer.  Other operations relative to such a detormination are
anticipated.

(6848} The resistance sensor, capacitance sensor, or other elements of the wearable
device 100 could be configured to prevent injury of a wearer and/or damage to the wearable
device 100 due to operation of the resistance sensor and capacitance sensor {0 moaswe a
resistance and capacitance, respectively, of skin at the external body surface proximate to the
clecirical contacts 160, 170. Clamping diodes and/or associated blocking resistors could be
inchuded in the wearable device 100 and configured to prevent voltages and/or currents above
a certain specified maximom from being applied to the electrical contacts 160, 170 (and thus
to the skin of the wearer) and/or to elements of the wearable device {e.g., components {e.g.,
an ADC) of the resistance sensor, components of a recharger coupled {o the electrical contacts
160, 170}, A blocking capacitor {(i.e., a capacitor having a high specificd value of
capacitance) could be electrically disposed between one or more or the electrical contacts 160,
170 and electronics of the wearable device 100 to prevent the wearable device 100 from
injuring the skin of the external body surface and/or causing electrochemical damage to the
elecirical contacts 160, 170 {e.g., by preventing the application of direct current to the skin
for a protracted period of time, by enswring that current injected into the skin through the
clectrical contacis 160, 170 is cssentially balanced). (Other operations and configurations of
the wearable device 100 to prevent injury of a wearer and/or damage to the wearable device
100 are anticipated.

(8041} The electrical contacts 160, 170 protruding from the housing 130 could
additionally be used for other purposes. For example, clectronics disposed in the wearable
device 100 could be used to sense an electrocardiogram (ECG)Y signal, a Galvanic skin
potential (GSP), an electromyogram (EMG) signal, and/or some other physiological signal
present at the electrical contacts 160, 170,  Additionally or alternatively, the electrical
contacts 160, 170 could be used to detect the presence of & charging device or some other
clectronic system electrically connected to the electrical contacts 160, 170. The electronics
could then use the elecirical contacts 160, 170 to receive electrical energy from the charging
device or other system to recharge a rechargeable battery of the wearable device 100 and/or
to power the wearable device 100, Such a rechargeable battery could additionally or
alternatively be recharged wirelessly using electromagnetic energy received by a coil and

other wircless charging circuitry disposed in the wearable device 100.
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{6042} In some examples, the housing 130 further includes at least one detector 150
for detecting at least one other physiological parameter, which could include any parameters
that may relate to the bealth of the person wearing the wearable device. For example, the
detector 150 could be configured to measure blood pressure, pulse rate, respiration rate, skin
temperature, ete. At least one of the detectors 156 could be configured to non-invasively
measure onc or more targets in blood circulating in subsurface vasculature proximate to the
wearable device. In a non-exhaustive list, detector 150 may include any one of an optical
{c.g., CMOS, CCD, photodicde), acoustic {e.g., piczoelectric, piczoceramic), electrochemical
{voltage, itmpedance), thermal, mechanical (e.g., pressure, strainy, magoetic, of
cleciromagnetic {c.g., R¥, magnetic 1esonance} sonsor.

[3843] I an example, 8 temperature sensor could be thermally coupled 1o at least one
of the first and second electrical contacts 160, 170, The temperature sensor could then be
operated to obtain a measurcment related to a temperature of the skin at the external body
surface (e.g. the external body surface proximate to the clectrical confact to which the
temperature sensor 15 thermally coupled) when the wearable device 100 is mounted to the
external body surface. The temperature sensor could be thermally coupled to at least one of
the first and second electrical contacts 160, 170 by a varicty of methods, including but not
fimited to soldering or otherwise bonding the temperature sensor directly to an electrical
contact, soldering or otherwise bonding the temperature sensor to a thermally conductive pad
to which the electrical contact is bonded, applying a thermally conductive paste or other
thermally conductive substance or eleraent between the clectrical contact and the feraperature
sensor, and disposing the temperature sensor within the electrical contact {e.g., within a space
formed within the elecirical contact). The temperature sensor could include one or morc of
variety of feraperature sensitive clements and/or components.  For example, the temperature
sensor could inchide one or more of a thermistor, a thermocouple, an infrared thermometer, a
guartz, thermometer, and a silicon bandgap temperatare sensor.

[044] The wearable device 10 may also include a user interface 190 via which the
wearer of the device may receive one or more reconunendations or alerts generated from a
remote server or other remote computing device, or from a processor within the device. The
alerts could be any indication that can be noticed by the person wearing the wearable device.
For example, the alert could include a visual component (e.g., texiual or graphical
mformation on a display), an auditory component {e.g., an alarm sound), and/or tactile
component {e.g., 8 vibration}. Further, the user interface 190 may include a display 192

where a visual indication of the alert or recommendation may be displayed. The display 192
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may forther be configured to provide an mdication the battery status of the device or an
indication of any measured physiclogical parameters, for instance, a skin resistance and/or
capacitance being measured by the device.

[BO45] b some examples, the wearable device 1s provided as a wrist-mounted device,
as shown o Figures 2A, 2B, 3A-3C, 4A, 4B, S and 6. The wrist-mounted device may be
mounted t¢ 3 person’s wrist with a wristband or cuff, similar to & watch or bracclet. As
shown in Figures 2A and 28, the wrist mounted device 200 may include a mount 210 fo the
form of a wristband 220, a housing 230 positioned on the anterior side 240 of the wearer’s
wrist, and a user interface 250 positioned on the posterior side 260 of the wearer’s wrist. The
wearer of the device may receive, via the user interface 230, one or more recommendations
or alerts generated either from a remote server or other remote computing device, or alerts
generated by the operation of the wrist mounted device 200 {for example, alerts related to a
skin resistance and/or capacitance measured by the wrist mounted device 200). Such a
configuration may be perceived as natural for the wearer of the device in that ©f is common
for the posterior side 260 of the wrist 10 be observed, such as the act of checking a wrist-
watch. Accordingly, the wearer may casily view a display 270 on the user interface. Further,
the housing 230 may be located on the anterior side 240 of the wearer’s wrist. However,
other configurations are contemplated.

6846} The display 270 may be configured to display a visual indication of the alert or
recomamendation and/or an indication of the status of the wearable device or an indication of
measured physiological parmmeters, for instance, the resistance and/or capacitance of the skin
being measured by the wrist mounted device 200. In another example, the display 270 may
be configured to display a visual indication related (o a determivation that the wrist mounied
device is net mounted 0 a wrist, where the determination is based on a capacitance measured
by the wrist mounted device. Further, the user interface 250 may include one or more buttons
280 for accepting imputs from the wearer. For example, the buttons 280 may be configured to
change the text or other information visible on the display 270, As shown in Figure 2B,
housing 230 may also include one or more buttons 290 for accepting tnputs from the wearer.
The buttons 290 may be configured to accept inputs for controlling aspects of the wrist
mounted deviee 200, such as initiating a resistance and/or capacitance measurement period or
inputs indicating the weargr’s current health and/or affect state {i.c., normal, anxious, angry,
cabm, migraine, shortness of breath, heart attack, fever, “flu-like” symptoms, food poisoning,
2ic. ).

16847} In another example wrist-mounted device 300, shown in Figures 3A-3C, the
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housing 31{} and user interface 320 are both provided on the same side of the wearer’s wrist,
in particular, the anterior side 330 of the wrist. On the posterior side 340, a watch face 350
may be dispesed on the strap 360, While an analog watch is depicted in Figure 38, one of
ordinary skill in the art will recognize that any type of clock may be provided, such as a
digital clock.

[6845] As can be seen in Figure 3C, the inuer face 370 of the housing 310 is intended
to be worn proximate to skin on an external surface of the wearer’s body., A first electrical
contact 382 and a second electrical contact 386 protrude from the inner face 370 of the
housing 310 such that the clectrical contacts 382, 386 arc in stable electrical contact with skin
proximate to the mner face 370 when the wrist-mounted device 300 15 mounted 1o 2 wrist of &
wearer. When the wrist-mounted device 300 is mounted to a wrist of a wearer as described,
glectronics coupled to the electrical contacts 382, 386 could measure a resistance and/or
capacitance of the skin proximate to the mner face 370. When the wrist-mounted device 300
is not mourded to a wrist of a wearer, clectronics coupled to the clectrical contacts 382, 386
could measure a capacitance between the electrical contacts 332, 386 that could be used w0
determine that the wrist-moonted device 300 is not mounted to a wrist of a wearer. The
electrical contacts 382, 386 could be used to enable additional functions of the wrist-mounted
device 300; for example, the electrical contacts 382, 386 could alse be used to charge a
battery of the wrist-inoonted device 300.

18049} In a forther cxample shown in Figures 4A and 4B, a wrist mounted device 400
ncludes a housing 410, disposed on a strap 430. Inner face 440 of housing 410 may be
positioned proximate to a3 body swface so that a first clectrical contact 422 and a second
clecirical contact 424 protruding from the housing 410 may be used to measure the resistance
and/or capacitance of skin of the body surface proximate to the bousing 410. A detector 445
for detecting at least one other physiclogical parameter of the wearer could also be disposed
on the nmer face 440 of the housing 418, A user interface 450 with a display 460 may be
positioned facing outward from the housing 410. As described above in connection with
other cmbodiments, user interface 450 may be configured to display data about the wrist
mownted device 400, including whether the wrist mounted deovice 400 15 active, whether the
wrist mounted device 400 is mounted to a wrist of a wearer (based, e.g., on a measured
capacitance between the electrical contacts 422, 424), a resistance and/or capacitance of skin
proximate to the inner face 440 of the housing 410 measured using the first and second
electrical contacts 422, 424, physiological data about the wearer obtained using the detector

445, and one or more alerts generated by a remote server or other remote computing device,
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or a processor located on the wrist mounted device 400. The user interface 450 may also be
configured to display the time of day, date, or other information that may be relevant to the
WCHTCT.

FERUSH As shown in Figure 5, in a further embodiment, wrist-mounted device 500
may be provided on a caff 510. Stmilar to the previously discussed embodiments, deviee 500
includes a housing 520 and a user interface 530, which may inclode a display 540 and oue or
more buitons 350, The display 540 may further be a touch-screen display configured o
accept one or more inputs by the wearer. For example, as shown i Figore 6, display 610
may be a touch-screen configured to display one or more virtual butions 620 for accepling
one or more nputs for controlling certain functions or aspects of the device 600, or inputs of
mformation by the user, such as current health and/or affect state.

8051} Figure 7 is a simplified schematic of a system 700 inclading one or more
wearable devices 710, The onc or more wearable devices 71 may be configured to transmit
data via a coromunication interface 715 over one or more conununication networks 720 to a
remote server 730, In one embodiment, the commumnication interface 715 includes a wireless
transceiver for sending and receiving communications {e.g., mdications of a measured skin
resistance and/or capacitance) to and from the server 730, In further embodimerds, the
communication interface 715 may inchude any means for the transfer of data, inchiding both
wired and wireless communications. For example, the commumication mterface 715 may
include a oniversal serial bus (USB) imterface or a secure digital {(SD) card interface.
Communication networks 720 may include any of: a plain old telephone service (POTS)
network, a cellolar network, a fiber network and a data network. The server 730 may inchude
any type of remote couwputing device or remote cloud computing network.  Further,
communication network 720 may nchade one or more intermediarics, including, for example
wherein the wearable device 710 transmits data to a mobile phone or other personal
computing device, which in turn transmits the data to the server 730,

13052] In addition to receiving communications from the wearable dovice 710, such
as data regarding bealth and/or affect state as input by the user or measurements of skin
resistance and/or capacifance of an external surface of the body of the wearer proximate to
the wearable device, the server may also be configured to gather and/or veceive either from
the wearable device 710 or from sowne other source, infornation regarding a wearer’s overall
medical history, environmental factors and geographical data. For example, a user account
may be established on the server for every wearer that contains the wearer’s medical history,

Moreover, in some examples, the server 730 may be configured o regularly receive
5 5 5
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mformation from sowrces of envirommental data, such as viral illness or food poisoning
outbreak data from the Centers for Discase Contref (CDC) and weather, pollution and
allergen data from the National Weather Service. Further, the server may be configured to
receive data regarding a wearer’s health state from a hospital ov physician. Such imformation
may be used in the server’s decision-making process, such as recognizing correlations and in
generating clinical protocols.

18653} Additionally, the server may be configured to gather amnd/or receive the date,
time of day and geographical location of each wearer of the device during each measurement
period.  If wmeasuring physiological parameters of the user (c.g., skin resistance and/or
capacitance), such information may be used to detect and monitor spatial and temporal
spreading of discases. As such, the wearable device may be configured to determine and/or
provide an indication of its own location. For example, a wearable device may include a GPS
systemm so that it can imclude GPS location information (e.g., GPS coordinatesy in a
comununication to the server.  As another example, a wearable device may use a technigue
that involves triangulation (e.g., between base stations in a cellular network) to determine its
location. Other location-determination techniques are also possible.

[8054] Further, some cmbodiments of the systern may include privacy controls which
may be automatically implemented or controlled by the wearer of the device. For example,
where a wearer’s collected data are uploaded to a cloud computing network for analysis by a
clinician, the data may be treated in one or more ways before it is stored or used, so that
personally identifiable information is removed. For example, 2 user’s idontity may be treated
so that no personally identifiable information can be determined for the oser, or a user’s
geographic location may be generalized where location information is obtained (such as to a
city, Z1P code, or state level), so that a particular location of a user cannot be determined.
[BBS5] Additionally or alternatively, wearers of a device may be provided with an
opportunity to control whether or how the device collects information about the wearer {e.g.,
information about a user’s medical history, social actions or activities, profession, a user’s
preferonces, or a user’s current location), or to control how such information may be used.
Thus, the wearer may have contrel over how information s collected about him or her and
used by a chinician or physician or other user of the data. For example, a wearer may elect
that data, such as health state and physiological parameters, collected from his or her device
may only be used for generating an individoal bascline and recommendations I response to
collection and comparison of his or her own data and may not be used in generating a

population baseling or for use in population correlation studics.
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HI. Example Electronics Disposed in a Wearable Device

{8056} Figure 8 is 8 simpfified block diagram illustrating the components of a
wearable device 800, according 1o an example embodiment. Wearable device 800 may take
the form of or be similar to one of wesdrable device 100 and/or the wrist-mounted devices 200,
300, 400, 500, 604, shown in Figures 1, 2A-B, 3A-3C, 4A-4C, § and 6. However, wearable
device 800 may also take other forms, for example, an ankle, waist, or chest-mounted device.
166387} In particolar, Figure 8 shows an example of a wearable device 800 having a
housing 810, clectronics 830 for measuring a resistance of skin of an external surface of
wearer proximate {o the housing 810 and for measuring a capacitance {¢.g., a capacitance of
skin of the cxternal body surface), a rechargeable battery 835, a user interface 880,
communication interface ¥90 for transmitting data to a server, a temperature sensor 844, and
processor{s) 850, The componenis of the wearable device 800 may be disposed on 2 mount
820 for mounting the device to an external body surface where the resistance and/or
capacitance of the skin can be measured. The wearable device 800 also includes a first
clectrical contact 840 and a second electrical contact 84S protrudmg from the housing 810
and operatively coupled to the electronics 830, The clectronics 830 use the first and second
clecirical comtacts 840, 845 to measure the resistance of the skin proximate fo the housing
510 and the capacitance between the electrical contacts 840, 845 {¢.g., a capacitance of the
skin proximate to the housing §10). The electronics could be configured to perform other
functions using the first and second clectrical contacts 840, 845; for example, to interface
with a charger or other external device or system to power the clectronics and to recharge the
rechargeable battery 835, Additionally or alternatively, the rechargeable battery 835 could be
charged wirclessly using a coil and/or other components of the wearable device 800 (uot
shown). Additionally, the temperature sensor 844 s thermally coupled to the first clectrical
contact 840 such that the temperatore sensor 844 can be used to obtain a measurement related
to the temperatare of the skin proximate to the housing 810 (e.g., skin in contact with the first
clectrical contact 844).

13058} Processor 850 may be a general-purpose processor or a special purpose
processor {¢.g., digital signal processors, application specific integrated circuits, eic.). The
one or more processors 350 can be configured to execute computer-readable program

oy

instructions 872 that are stored in a computer readable mediom 860 and arc executable to
provide the functionality of a wearabic device 800 described herein.
[3H59] The computer readable medium 860 may inchide or take the form of one or
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more non-transitory, computer-readable storage media that can be read or accessed by at least
one processor 850. The one or more computer-readabie storage media can include volatile
and/or non-volatile storage components, such as optical, magnetic, organic or other memory
or disc storage, which can be integrated in whele or in part with at least one of the one or
more processors &850, In some embodiments, the computer readable mediom 860 can be
implemented using 3 single physical device (e.g., one optical, magoetic, orgapic or other
memory or disc storage unit), while in other embodiments, the computer readable medium
866 can be implemented using two or more physical devices.

{6868 The electronics 830 inchude a capacitor and ap electronic switch (e.g., a FET, a
BJT, a JFET, a relay, or some other clectronically-operated switching electronic element) in
series with the capacitor. The series combination of the electronic switch and the capacitor is
glectronically coupled to the first and second clectrical contacts 845, 840, Further, the
clectronics 83{ include a resistance sensor configured to obtain a measurcment relating to the
resistance of the skin between the first and second electrical contacts 845, 840 when the
clectronic switch is closed. For example, the resistance sensor could be configured to charge
the capacitor {e¢.g., to a specified vohage, during a specified duration of time, using a
specified currend, using a specified voltage, or according to some other specified operation)
during & first period of time. The resistance sensor could then be operated to sense a voltage
across the capacitor at ong or wore points in time as the capacitor discharges through the skin
at the external body surface via the first and second electrical contacts 845, 840 during a
second period of time. One or more propertics {e.g., a decay rate, a decay profile, a decay
time to half-voltage) of the voltage across the capacitor can be related to the resistance of the
skin between the first and second elecirical contacts 845, 840, The one or more propertics
could be detected using the resistance sensor (e.g., by using an ADC 1o measure the vohage
related to the voltage across the capacitor at one or more points in time, by detecting the
cutput of a comparator that receives the voltage across the capacitor as an input) to determine
the resistance of the skin between the first and second clectrical contacts 845, 840. Further,
the specified capacitance of the capacitor could be chosen to allow accurate measurement of
the resistance of the skin {e.g., by having a valoe chosen based on an expected resistance of
the skin between the first and second electrical contacts 845, 840).  For example, the
capacitance of the capacitor could be approximately 0.01 microfarads.

8061} The resistance sensor could be configured in a variety of ways to aliow
measurement of skin resistance as described herein, For example, the resistance sensor could

include a voltage source and a voltage semsor {¢.g., an ADC) conmected to the capacitor
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and/or the electronic switch. For example, the voltage source and voltage sensor could be
clecirically connected to the capacitor via a resistor having a specified resistance configured
to, e.g., imit a charging currerd applied to the capacitor {e.g., a resistance of approximately 1
kilo-ohm). The voltage source could be configured fo charge the capacitor during the first
period of time {or according to some other operation} via a voltage source switch. For
exarmple, the voltage source switch could be operated to connect the voliage source to the
capacitor during the first period of time (i.¢., to charge the capacitor) and the voltage source
switch could be operated to disconnect the vohage source from the capacitor dhwing the
second period of time (i.c., to allow the capacitor to discharge through the skin via the fist
and second electrical contacts 845, 840).

[BB62] ki some examples, the voltage source, voltage sensor, and other elements of
the resistance sensor could be eloments of a microprocessor {e.g., 850) that are electronically
coupled to a pin of the microprocessor {e.g., logic gates, capacitors, high-impedance
clectrical switches {c.g., CMOS FETS), or other microclectronics) that is coupled to the
capacitor and one of the first and second clectrical contacts 845, 840 via a resistor or via
some other clecironic component(s). For example, the voliage source could be an interpal
voltage supply of the microprocessor, and the voltage source switch could be a gate of the
microprocessor configured to electrically comnect the nternal voltage supply andfor an
mternal ground of the microprocessor to a pin of the microprocessor and to appear as a high
impedance clement when not coungcting the pin to the internal voltage supply and/or the

>

internal ground (e.g., to provide a ‘threc-staie’ digital output to the pin). An ADC of the
microprocessor could additionally be configured to electrically conmect to the pin.

{6863} The eclectronics 830 mclude a capacitance sensor coufigured to obtain 2
measuremnent relating to the capacitance between the first and second electrical contacts 845,
840 {c.g., a capacitance of skin between the contacts 845, 8403 when the clectronic switch is
open. The capacitance sensor coold be configured to apply specified currents and/or voltages
to the first and second electrical contacis 845, 840 via a variety of electronic components in
order to measure the capacitance. For example, the capacitance senser could include a
relaxation oscillator. That 1s, the capacitance sensor could include components configured to
repeatedly charge and discharge an equivalent capacitance between the first and second
clecirical contacts 845, 840 (c.g., a capacitance of skin, aiy, or other substances between the
first and second eclectrical contacts 845, 840) in a specified manner {(c.g., by applying a
specified charge/discharge corrent, by apply a specified charge/discharge voltage to the first

and second electrical contacts 845, 840 via a resistor having a specified resistance) such that a
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frequeney, a duty cycle, or some other property of the operation of the relaxation oscillator is
related to the capacitance between the first and second elecirical contacts 845, 840,

[B064] In a specific embodiment, the relaxation oscillator could inchade a voltage
source configured to charge the equivalent capacitance between the electrical contacts 845,
840 via a first clectronic switch and a current-Hmiting resistor.  The relaxation oscillator
could additionally iuclude a second clectronic switch contfigured to discharge the equivalent
capacitance {e.Z., by connecting the first 840 and sccond 845 clectrical contacts together) via
the current-limiting resistor. A comparator (or other voltage sensor, e.g., an ADC, a Schmitt
trigger) could be operated to determine when the voltage between the clectrical contacts 8485,
840 has reached a first specified voltage {c.g., a first fraction of the voltage provided by the
voltage source of the capacitance sensor). The first clectronic switch could then be
responsively opened (i.c., such that the capacitor is no longer being charged by the voltage
source) and the second electronic swiich could be responsively closed (ie., such that the
capacitor is being discharged).  Similarly, a second comparator (or other voltage sensor,
which could be the same and/or nclude elements in common with the first voltage sensor)
could be operated to determine when the voltage between the clectrical contacts 845, 840 has
been reduced to a second specified voltage (¢.g., a second fraction of the voltage provided by
the voltage source of the capacitance sensor, where the second fraction is less than the first
fraction). The second electronic switch could then be responsively opened (i.e., such that the
capacitor is no longer being discharge) and the first electronic switch could be responsively
closed (i.e., such that the capacitor is being charged by the voltage source). Thus, a frequency,
pulse width, duty cycle, or other propertics of the outpui(s) of the first and/or second
comparators could be used to determine a property of the equivaient capacitance between the
first and sccond clectrical contacts 843, 840 {e.g., of 2 skin capacutance of skin between the
elecirical contacts 845, 840}

[8065] Additional or aliernative clements and operations of the capacitance sensor are
anticipated. For example, the capacitance seusor could be configured such that the equivalent
capacitance between the fust and second clectrical contacts 845, 840 forms one leg of 2
capacitive and/or resistive bridge cirauit that can be excited (e.g., using a specified time-
varying voltage waveform)} to generate an clectrical signal (e.g., a voltage between and/or
across clements of the capacitive bridge) that can be detected to determine the capacitance
between the first and second electrical contacis 845, 840. The capacitance sensor could be
connected to the first 840 and/or second 845 electrical contacts via a DC-blocking capacitor

to, ¢.g., provent the capacitance sensor from interfering with the use of the electrical contacts
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845, 840 by the resistance sensor to measure the skin resistance or to allow some other
operation{s}. Such a DC-blocking capacitor could have a specified capacitance that is larger
than an cxpected value of skin capacitance, ¢.g., the DC-blocking capacitor could have =
capacitance of approximately 0.1 microfarads or more.

3066} The electronics 830 could include additional components. In some examples,
the clectromics 830 could include a recharger configured to vecharge the rechargeable battery
%35 and to be powered through the clectrical contacts 840, 845, In some cxamples, the
wearable device 800 could be configured to be mounted on an external charger. The external
charger could be configured to apply 8 voltage and/or current to the electrical coutacts 840,
845 sufficient to power the recharger to recharge the rechargesble battery 835, The
electronics 830 could inclade rectifiers, capacitors, or other elements disposed electrically
between the recharger and the electrical contacts 840, 845, The rectifiers or other elements
could be configured to reduce clectrical interfoerence in resistance and/or capacitance
measurements made using the electrical contacts 840, 845 when the wearable device 800 s
mounted to an external surface of a wearer and not mounted o an external charger
Additionally or alternatively, the wearable device 800 could include a coil and other
components configured to teceive clectromagnetic energy (e.g., from a wireless charger) and
to recharge the rechargeable battery 835 using the received electromagnetic energy. The
glectronies 830 could include components configured to detect an ECG, an EMG, or some
other clecirical signal using the electrical contacts 840, ¥45. The clectronics 830 could
include coraponents to operate some other sensors (e.g., accelerometers, optical pulse sensors,
pulse oximeters, thermometers, the temperature sensor 844) configored to deteet one or more
propertics of a wearer of the wearable device 800 and/or of the environment of the wearsble
device 800,

8867} Note that, while the electronics 830, processor(s) 830, rechargeable battery
833, and other components are described herein as being disposed in a single housing 810,
other configurations are anticipated. o some examples, a wearable device could include
multiple housings (¢.g., the wearable devices 100, 200, 300 illustrated in Figures 1, 2A-B,
3A-C) and the components of the wearable device could be distributed amongst the muhtiple
housings, For example, a first housing could contain some of the electronics 830 (for
example, resistance measurcment electrovics, capacitauce sensing clectronics, temperature
sensing electronics) and the electrical contacts 840, 845 could protrude from the first housing.
A second housing could include the recharger electronics and the rechargeable battery 835

and clements disposed in the sccond housing could be clectrically connected to clements
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disposed i the first housing. Other nowmbers of housings, configurations of housings, and
dispositions of components within multiple housings are anticipated.

[G068] The prograrn instructions 872 stored on the computer readable medium 860
may mchide mstructions to perform or facilitate some or all of the device functionality
described herein, For instance, program instructions 8§72 could inchude instructions to operate
the clectronics 830 io make a resistance and/or capacitance measurcment using the electrical
contacts 840, 845, The program instructions 872 could additionally tachude instructions to
operate other elements of the electronics 830 (e.g., switches, circuit breakers, FETs) to protect
other clements of the wearable device S00 that are clectricaily coupled to the clectrical
contacts 840, 845 (e.g., a resistance sensor of the clectronics 830) from being damaged. The
program instructions 872 could include instructions to operate based on parameter and user
data 874 stored in the computer readable mednimn 860 and/or modify the parameters and user
data 874. For example, the parameters and user data €74 could iuchude calibration data for
the wearable device 800 and/or stored vesistance, forperature, and/or capacitance
measurements made using the wearable device 800,

{8069} The program mstractions 872 stored on the computer readable medium 860
could include justructions for operating the clectronics 830 to make a resistance and/or
capacitance measurement using the electrical contacts 840, 845, The mstructions could
include instructions to activate and/or set a value of a current source, a voltage source, a
programnable resistor, an ADC, ome or more eolectronic switches, and/or some other
componeni(s} of the electronics 830. The instructions could include mstructions to operate a
voltage or corrent sensor to make a meastrement relating to the resistance and/or capacitance.
The instructions could include instructions 1o determing a resistance and/or capacitance based
on the measurcment. The instructions could further inclade instructions to determine the
resistance and/or capacitance based on calibration or other data stored m the parameters and
user data 874, The instructions could inchide instructions to determine whether the wearable
device 800 was mounted to skin on an external surface of a wearer based on the measurement
relating to the resistance and/or capacitance.

16674 Other instructions in the program instructions 872 relating to the use of the
clectronics 830 to measure a resistance and/or capacitance using the electrical contacts 844,
845 are anticipated. The program instroctions 872 could include instructions to make 3
plurality of measurements and/or determinations of the resistance and/or capacitance at a
plurality of pomts in time using the electronics 830, The program mstroctions 872 could

include instructions to store measurcments of the resistance and/or capacitance in the
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parameters and user data 874 and/or later or update calibration or other data in the parameters
and user data 874 based on measurements of the resistance and/or capacitance or other factors.
(8071} The instructions could include mstructions 1o operate the wearable device 800
based on a measured or determined resistance or capacitance. For example, the instractions
could describe how to determine a health or other state of a wearer based on a8 determined
resistance and/or capacitance. The instructions could describe how to determine whether the
wearable device 8040 is mounted to an external body surface of a wearer based on a value, a
change n valie, and/or some other property of 2 determimed resistance and/or capacitance.
For example, the mstructions could describe how to determine that the wearable device 800 is
not mounted to a wrist of 2 wearer based on a detected capacitance between the clectrical
contacts 84{, 845 being below a specified value and/or increasing or decreasing at a specified
rate and/or beyond a specified mintmum amount of change m determined capacitance. The
instructions could further describe how to operate the wearable device 800 relative to such a
determination.  For example, one or more sensors {e.g., the resistance sensor) could be
disabled and/or operated v a low-power state when the wearable device 800 determines,
based on onge or more properties of a determined capacitance as described herein, that the
wearable device 800 is not mounted to skin of a wearer.  Other operations relative to such a
determination are anticipated and could be described by the program instructions 872

3072} The program instructions 872 stored on the computer readable mednm 860
could inciude instructions for operating components of the wearable device 80¢ (e.g., the
clectronics 830) to recharge the rechargeable battery 835 and/or 1o power the wearable device
800 using the rechargeable battery 335, For cxample, the nstructions could include
instructions for operating switches or other electrical components to gate power from the
clecirical comtacts 840, 845 1o the recharger and/or from the recharger to the rechargeable
battery 835, Additionally or alternatively, the instructions could melude mstructions to
operate a voltage or current sensor {possibly a sensor of a8 resistance and/or capacitance
sensor of the clectronics 430} to dotect the presence of an external charger in electrical
contact with the electrical contacts 840, 845 and/or to detect a charge state of the rechargeable
battery 835, A recharger and/or vectifier elements of the clectronics 830 could be passive,
that 1is, they could be configured to recharge the rechargeabie battery 833 and/or power the
wearable device 800 without direct operation by the processor(s) 856 or other clements of the
wearable device 800 (other than the electrical contacts 840, 845) when the wearable device
800 13 mounted to an external charger or other appropriately configured power source.

Additionally or alternatively, a coil and other components of a wireless charger of the
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wearable device 800 could be configured to receive electromagnetic encrgy and to charge the
rechargeable battery 835 using the received clectromagnetic encrgy.

[8073] The program instructions 872 can include jnstructions for operating the user
mterface{s) 880. For example, the program instructions 872 could mnclude instractions for
displaying data about the wearable device 300, for displaying a measured and/or determined
resistance, capacitance, and/or temperature or other information generated by the wearable
device 800, or for displaying onc or more alerts generated by the wearable device 800 and/or
received from an external systom. Further, program instructions 872 may inchule instructions
to execute certain functions based on inputs accepted by the user interface(s) 880, such as
inputs accepted by one or more buttons disposed on the user oterface(s) 880,

874} Communication interface 890 may also be operated by fustructions within the
program instructions 872, such as instructions for sending and/or receiving information via an
autenna, which may be disposed on or in the wearable device 80{. The communication
interface 890 can optionally include one or more oscillators, mixers, frequency injectors, ete.
to modulate and/or demodulate information on a carrier frequency fo be transmitted and/or
received by the antenna. Insome cxamples, the wearable dovice 80 is configured to mdicate
an output from the processor by modulating an impedance of the antenna in 2 manner that is
perceivable by a remote server or other remote computing device.

[BO7S] In some examples, the communication mterface(sy 890 could be operably
coupied to the electrical contacts 840, 845 and could be configured to communicate with an
extornal system by using the clectrical contacts 840, 845, In some cxamples, this tncludes
sending and/or receiving voltage and/or current signals transmitted through the clectrical
contacts 840, 845 when the wearable device 800 is mouuted onto an external systein such that

the clectrical contacts 840, 845 are in clectrical comdact with components of the external

51

sysiem,

8876} In some examples, resistance measurements, capacitance measurements,
tcnperature measuwrements, wearer profiies, history of wearable device use, health state
information mput by device wearers and gererated recommendations and clinical protocols
may additionally be input to a cloud network and be made available for download by a
wearer’s physician. Trend and other analyses may also be performed on the collected data,
such as physiological paramcter data and health state information, in the cloud computing
network and be made available for download by physicians or clinicians,

(68771 Further, vesistance, temperature, and/or capacitance measurements and health

state data from individuals or populations of device wearers may be used by physicians or
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chnicians in monttoring efficacy of a drug or other treatment. For example, high-density,
real-time data may be collected from a population of device wearers who are participating in
a chinical study to assess the safety and efficacy of a developmental drug or therapy. Such
data may also be used on an individual level 1o assess a particular wearer’s response 1o a drug
or therapy. Based on this data, a physician or chinician may be able to tailor a drug treatment
to suit an individual’s needs.

1B678) In response to @ determination by instructions comdained in the program
mstractions 872 that a medical condition is ndicated, the wearable device 8OO may gencrate
art afert via the user interface 880, The alert may include a visual component, such as textual
or graphical information displayed on a display, an auditory component {(¢.g., an alarm sound),
a tactile component {e.g., a vibration), and/or an electro-haptic component {e.g., an electro-
haptic stimuilus delivered osing the electrical contacts 840, 845). The textual information
may inchide onc or more recommendations, such as a recommendation that the wearer of the
device contact a medical profossional, scek immediate medical attention, or administer a
medication.

{66791 Figure 9 15 a stmplified circuit disgram of clectronmics 900 that coudd be
disposed n a wearable device to measure a2 resistance of skin and/or measure @ capacitance
{e.g., a capacitance of skin} using a first electrical contact 910 and a second electrical contact
913 disposed in the wearable device. Electronics 900 are configured to inchide a common
clectrical ground 920 electrically connecied to the second clocirical contact 915, The
clectronics include a capacitor 930 comnected in serics with an electronic switch 935; the
series combination of the capacitor 930 and the electronic switch 935 is clectrically
connected between the first 910 and second 920 electrical contacts. The electronics 900
inchude a resistance sensor 940 configured to obtain a measurement relating to the resistance
of skin proximate to the first and second electrical contacts 910, 915 when the electronic
switch 935 is closed. The resistance sensor 940 can include a voltage source 941, a voltage
source switch 943, a resistor 945, and a voltage sensor 947, The electronics 900 also include
& capacitance sensor 960 and a DO blocking capacitor 965 configured to moeasure a
capacitance between the fivst and second electrical contacts 910, 915,

{6684} In the exampie of Figure 9, the voliage source 941 is clectrically connected to
the first electrical contact 910 through the voltage source switch 943 and the resistor 938,
Additionally, the voltage sensor 947 has an input electrically connected to the first electrical
contact 910 through the resistor 945, Further, at least the reference voliage source 941,

voltage sensor 947, capacitance sensor 960, and clectromic switch 935 are clectrically
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connected {o the common clectrical ground 920 that is electrically comnected to the second
clecirical contact 915,

{8081} Electronics 900 could be disposed in a wearable device (¢.g., the wearable
devices 100, 200, 300, 400, 500, 600, 710, 800 illustrated in Figures 1, 2A-B, 3A-C, 4A-B, 5,
6, 7, and &), Individual clements of the clectronics 800 could be embodied as respective
discrete compounenis. Additionally or alteruatively, onc or more clements of the electronics
900 could be mcorporated Udo onc or more integrated circuits.  In cxamples where the
clectronics 900 are meluded in a wearable device composed of multiple housings or other
subasscrblics, the cloments of the electronics 900 could all be disposed in a single bousing
or subassembly or clements of the clectronics 900 could be disposed 1o multiple housings or
subassemblies and commected using wires, cables, or other means passing between housings
or subassemblies.

18082} Obtaining a measurement relating to the resistance of skin at an cxternal body
surface proximate to the first and second clectrical comdacts 910, 915 can include operating
the resistance sensor 940 to charge the capacitor 930 (e.g., to a specified voltage, during a
specified duration of time, using a specified current, using a specified voltage, or according to
some other specified operation) during a first peried of time when the clectronic switch 935 18
closed. This could include closing the voltage source switch 943 during the fivst period of
time such that the voltage source 941 charges the capacitor 930 via the resistor 945 at a rate
(i.e., with a current) related to at least the capacitance of the capacitor 930, the resistance of
the resistor 943, and a difference between the voltage provided by the voltage source 941 and
the voltage across the capacitor 930, The resistance sensor could then be operated to sense a
voltage across the capacitor at one or more points in time as the capacitor discharges through
the skin at the cxtomal body surface via the first and second electrical cordacts 210, 915
during & second period of time when the electronic switch 935 is closed. This could nelade
opening the voltage source switch 943 during the second period of time such that the
capacitor 930 discharges through the electrical contacts 918, 915, One or more propertics
(e.g., a decay rate, a decay profile, a decay time to haif-voliage) of the voltage across the
capacitor can be related to the resistance of the skin between the first and second electrical
contacts 910, 915. The one or more properties could be detected using the resistance sensor
{c.g., by using an ADC of the voltage sensor 947 to measure the voltage related to the voltage
across the capacitor at one or more points in time, by detecting the output of a comparator
and/or Schmitt trigger of the voltage sensor 947 that recetves the voltage across the capacitor
as an input} to determine the resistance of the skin between the first and second electrical
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contacts 910, 915, Further, the specified capacitance of the capacitor could be chosen to
allow accurate mcasurement of the vesistance of the skin {e.g., by having a valuc chosen
based on an expected resistance of the skin between the first and second electrical contacts
910, 915). For example, the capacitance of the capacitor could be approximately 0.01
microfarads.

18831 The voltage sensor 947 could be part of a microcontroller disposed in a
wearable device. The voltage sensor 947 could be configured as a discrete component
disposed in a wearable device. The voltage semsor 947 could be operated by a
microcontrotier or other processor(s) to make 3 measurcement of a voltage related to the
voltage between the first and second clectrical contacts 910, @15, The voltage sensor 947
could mclade one or more comparators, Schmint triggers, direct-conversion ADCs,
successive-approximation ADCs, sigma-delta ADCs, or some other type(s) of ADC. The
voltage sensor 947 could inchude an amplificr, a filter, a sample-and-hold, and/or some other
COMPOnCNIS.

8684} In some examples, the voltage source 941, voltage sensor 947, voltage source
switch 943, and/or other clements of the resistance sensor 940 could be clements of a
vucroprocessor that are electronically coupled to a pin of the microprocessor {¢.g., logic gates,
capacitors, high-impedance electrical switches {e.g., CMOS FETS), or other microclectronics)
that is coupled to the capacitor 930 and the first electrical contact 910 via the resistor 945 or
via some other electronic component(s). For exampie, the voltage source 941 could be an
internal voltage supply of the microprocessor, and the voltage source switch 943 could be a
gate of the microprocessor configured to clectrically connect the internal voltage sopply
and/or an intornal ground of the microprocessor {¢.g., an mternal ground eclectrically
comnected to the convmon electrical ground 920} 1o a pin of the microprocessor and to appear
as a high tmpedance clement when not connecting the pin to the internal voltage supply
and/or the internal groand {e.g., to provide a “three-state’ digital outpot to the pin). An ADC
of the microprocessor could additionally be configured to electrically conuect o the pin and
1o act as the voltage sensor 947,

16685} The voltage sensor 947 could be used to measure a voltage relating to a
resistance of skin proximate to the electrical contacts 910, 915. The voltage sensor 947 could
also be used to detect other signals., In some examples, the voltage 947 sensor could be used
to detect whether the electrical contacts 910, 915 are in contact with skin proximate to the
electrical contacts 910, 915, Additionally or alternatively, the voltage sensor could be used to

detect when an external charger or other power source was connected to the first and second
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clecirical contacts 910, 915 and/or a charge state of a rechargeable battery connected to the
elecironics 900. Other uses of the voltage sensor are anticipated.

[8886] The resistance sensor 940 could include additional and/or alternate circuitry
than that disclosed above. The resistance sensor 940 could include Hnear and nonlinear
filtering circuitry and/or voltage isolation circuitry. For example, the resistance sensor 940
could inciude clamping diodes, blocking resistors, blocking capacitors, electronic swiiches, or
other clements configared to prevent componenis of the resistance sensor 940 from being
damaged by voltages and/or corrents at/through the clectrical contacts 910, 91S. The
resistance sensor 940 could include one or more analog components or functional blocks.
The resistance sensor 940 could include analog clecironics to perform some analog
calculation and/or filtering based on a measured voltage or other signal; the results of this
analog calculation and/or filtering could be used to perform some function or could be
digitized for use by a processor or microcontroller,

1087} The voltage source 941 could be any component contigured to provide a stable,
specified voltage relative to a common electrical groumd 920, For example, the voltage
source 941 could inclode a forward or reverse biased Zener diode, germanium dicde, silicon
diode, and/or avalanche diode. The voltage source 941 could additionally or alternatively
mehade a bandgap voltage reference. The voltage source 941 could be temperature stabilized.
In some examples, a voltage provided by the voltage source could be adjustable, for example
by a microconiroller connected to the reference voltage source. The voltage source 941 could
be an internal voltage provided by a microcontroller.

{6688} The resistor 945 could be any electronic component having a stable reference
resistance value. For example, the resistor could be a thin-film resistor, a thick-film resistor,
a laser-trimumed resistor, a wire-wound resistor, or some other type of resistive clement. The
resistor 945 could be an clement of a microcontroller.  In some examples, the resistor 945
could have an adjpustable resistance, and the adjostable resistance could be controlled by e.g. a
microcontrolier. In some cxamples, the resistor 943 could have a resistance of approximately
1 kilo-chi.

16689} The electronic switch 9335 and volage source switich 943 could be any
component that can be operated to allow substantially no corrent to flow through itself doring
a first period of time and to allow current to tflow substantially voimpeded (Le., to have a very
low resistance) during a second period of ime. The switches 935, 943 could mclude a FET, a
MOSFET, a BJT, an IGBT, or some other switchable electronic component. The switches

933, 943 could be configured to contact a heat sink or other heat management component to
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reduce the temperature of the switches 935, 943 during operation. The switches 935, 943
could be configured {(e.g., could have a wide and/or or deep channel, gate, or other
senuconductor featare) 1o have a very low ‘on’-resistance {e.g., on the order of milli-oluns), &
very low gate capacitance, or some other specified properties according to an application.
6858} The electronics 900 include 8 capacitance sensor 960 configured to obtain a
measurement relating to the capaciiance between the first and second electrical contacis 910,
915 (e.g., a capacitance of skin between the countacts 910, 915} via the DC blocking capacitor
865 when the electronic switch 935 s open. The capacitance sensor 960 could be configured
to apply specified corrents and/or voltages to the first and second clectrical contacts 916, 913
via a variety of electronic components in order to measure the capacitance. For exanple, the
capacitance sensor 960 could mchude a relaxation oscillator. That is, the capacitance sensor
could include components configured to repeatedly charge and discharge an oquivalent
capacitance between the first and second clectrical contacts 910, 915 {c.g., a capacitance of
skin, atr, or other subsiances between the first and second electrical contacts @10, 915y ina
specified manner {¢.g., by applying a specified charge/discharge carrent, by apply a specified
charge/discharge voltage to the first and second electrical contacts 910, 915 via a resistor
having a specified resistance) such that a frequency, a duty cycle, or some other property of
the operation of the relaxation oscillator 1s velated to the capacitance between the fivst and
second clectrical contacts 910, 915,

16091} The capacitance sensor 960 could be connected to the first 910 electrical
contact via the DC-blocking capacitor 965 to, ¢.g., prevent the capacitance sensor 960 from
mterfering with the vse of the clecirical contacts 910, 915 by the resistance sensor 940 to
measure the skin resistance or to allow some other operation{s). The DC-blocking capacitor
965 could have a specified capacitance that is larger than an expected value of skin
capacitance, e.g., the DC-blocking capacitor 965 could have a capacitance of approximately
(.1 microtfarads or more. In some examples, the DC blocking capacitor 865 could be omitted,
and the capacitance sensor 960 could be connected directly to the first electrical coutact 910
In some examples, the clectronics 900 could additionally or alternatively inchide a DC
blocking capacitor conmected between the capacitance sensor 960 and the common electrical
ground 920.

(8692} In 2 specific embodiment, the relaxation oscillator could include a voltage
source configured to charge the equivalent capacitance between the clectrical contacts 910,
813 via a first electronic switch and a cwrrent-Hmiting resistor.  The relaxation osciliator

could additionally iuclude a second clectronic switch contfigured to discharge the equivalent
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capacitance (e.g., by connecting the first 810 and second 915 clectrical contacts together) via
the current-limiting resistor. A comparator {or other voltage sensor, ¢.g., an ADC, a Schnitt
trigger) could be operated to determine when the voltage between the clectrical contacts 910,
9135 has reached a first specified voltage {e.g., a first fraction of the voltage provided by the
voltage source of the capacitance sensor 960). The first electronic switch could then be
respounsively opened (ie., such that the capacitor is no longer being charged by the voltage
source) and the sccond clectromic switch could be respousively closed (e, such that the
capacitor 1s being discharged). Similarly, a second comparator {or other voltage sensor,
which could be the same and/or include clements in common with the first voliage sensor)
could be operated to determine when the voltage between the electrical contacts 910, 915 has
been reduced to a second specified voltage (e.g., a second fraction of the volage provided by
the voltage source of the capacitance sensor 960, where the second fraction is less than the
first fraction). The second electronic switch could then be responsively opened (Le., such
that the capacitor is ne longer being discharge) and the fust electronic switch could be
responsively closed (i.e., such that the capacitor is being charged by the voltage source).
Thus, a frequency, pulse width, duty cycle, or other propertics of the output(s) of the first
and/or second comparators could be used to determine a property of the cquivalem
capacitance between the fivst and second electrical contacts 910, 915 (e.g., of a skin
capacitance of skin between the electrical contacts 910, 615).

180493} Additional or alternative elements and operations of the capacitance sensor
960 are anticipated. For example, the capacitance sensor 260 could be configured such that
the equivalent capacitance between the first and second electrical contacts 910, 815 forms
one leg of a capacitive and/or resistive bridge circuit that can be excited {c.g, using a
specified time-varying voltage waveform) o geuerate an clecirical signal (e.g., a voltage
between and/or across elements of the capacitive bridge) that can be detected to determine the
capacitance between the first and second electrical contacts 914, 918,

[6094] The eclocironics 900 could be configured and/or could include additional
components to perform additional functions to those desceribed above. Tn some cxamples, the
clectronics 900 could include a recharger configured to receive electrical encrgy through the
clecirical contacts 914, 915 and to charge a rechargeable battery and/or power the electronics
900 wsing the received clectrical energy. In some examples, the voltage sensor 947 could be
operated to determine a type and/or capacity of a charger clectrically conmected to the
electrical contacts 910, 915, In some examples, the voltage sensor 947 could be operated to

receive commmimications from an external device that is configured to be connected to the
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clectrical contacts 810, 915 and to transmit nformation to the electronics 900 by modulating
a voliage waveform presented to the elecirical contacts 910, 915, In some examples, the
clectronics 900 could be contigured to measure other physiclogical properties of a wearer of
a device including the electromics 900. For example, the voltage sensor 947 could be
configured to sense a Galvanic skin potential, an eclectrocardiogram (ECG), an
clectromyogram (EMG), and/or other signals and/or properties of a wearer by using the
clectrical contacts 910, 915, Other configurations and applications of the electronics 900 and

of wearable devices or other systems including the electromics 900 are anticipated.

V. Hiustrative Methods for Operating a Wearable Device

{6895} Figure 10 is a flowchart of a method 1000 for operating a wearable device.
The operated wearable device includes (i) a housing, (it} a mount configured to mount the
housing to an external body surface, (131) first and sccond clectrical contacts protmding from
the housing, (iv) a capacitor having a specified capacitance, (v) an electromic switch in series
with the capacitor, wherein the serics combination of the capacitor and the electronic swiich
is clectronically coupled to the first and second clectrical contacis, (vi) a resistance sensor
configured to obtain a measurement relating to a resistance of skin via the first and second
electrical contacts when the clectronic switch is closed, and (vil) a capacitence sensor
configured to obiain a measurement related to a capacitance between the first and second
clectrical contacts when the elecironic switch is open.

8696} The method 1000 includes mounting the wearable device to an external body
surface using the mount such that the first and second elecirical contacts contact skin at the
external body surface (1010). To soroe examples, the wearable device could be contigured to
be mounted to a wrist of a wearer {¢.g., the embodiments ilostrated in Figures 1, 2A-B, 3A-
C,4A-B, 5, and 6) such that the first and second electrical contacts were in contact with skin
of the wrist of the wearer. In some examples, the mount includes an adhesive, and mounting
the wearable device to an ocxternal body surface (1010) inchades activating, applying, and/or
exposing the adhesive and adhering the wearable device 1o the external body surface.

{66971 The method 1000 also includes operating the electronic switch, during a first
period of time, such that the electronic switch is closed (1620). This could include applying a
specified voltage, current, or other electrical signal to the clectronic switch such that the
electronic switch has 2 very small effective resistance to the flow of current (e.g., the

clectronic switch has a very low effective resistance, ¢.g., 2 few tens of milliohms). In some
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examples, the electronic switch could be a FET, a BJIT, or some other transistor clomeonts and
operating the electronic switch 1020 could include applying a high voltage {e.g., a voltage
provided by a power supply of the wearable device), a low voltage, or a substantially zero
voltage to a gate, base, or other control terminal of the electronic switch.

6898} The method 1000 also includes charging the capacitor, during the first period
of time, using the resistance sensor (1030). This could include applying a specified voltage,
current, or other electrical energy to the capacitor. This could inchide applying a specified
electrical encrgy to the capacitor for a specified duration of time. This could inchide charging
the capacitor until the voliage on the capacitor had reached a specified level {c.g., a specified
fraction of a voltage provided by a power supply of the wearable device). For exanple, =
voltage could be applied, through a current-limiting resistor, to the capacitor, and the voltage
across the capacitor could be measured by a comparator, Schmitt irigger, and/or ADC. When
the comparator, Schmitt trigger, and/or ADC indicated that the voltage across the capacitor
had reached the specified voltage, the voltage source could be responsively operated to cease
charging the capacitor.

{66991 The method 1000 also inchudes operating the clectronic switch, during a
second period of time, such that the electronic switch is closed (1040}, This could include
applying a specified voltage, cuorrent, or other electrical signal to the clectronic switch such
that the electronic switch has a very small effective resistance to the flow of current {e.g., the
clectronic switch has a very low effective resistance, ¢.g., & fow tens of milliochms). In some
exaraples, the electronic switch could be a FET, a BIT, or some other transistor clements and
operating the clectronic switch 1040 could include applying a high voltage (¢.g., a voltage
provided by a power supply of the wearable device), a low voltage, or a substantially zero
voltage to a gate, base, or other condrel terminal of the electronic switch.

{30188 The method 1000 also ncludes obtaining a measurement, during the second
period of time, using the resistance sensor (1050). For example, the resistance sensor could
include a voltage sensor (e.g., an ADC, a comparator, 8 Schmitt trigger) counfigured to
generate a measurement related to the voltage across the capacitor. The voltage sensor could
include an ADC, and the ADC could be operated to measure a voltage at one or more points
in time during the second pertod of time. The voltage sensor could include a comparator
configured to indicate whether the voltage across the capacitor is above or below a specified
voltage, and a time at which the output of the comparator changes relative to the first and
second periods of time could be measured.

60161} The method 000 also includes determining a resistance of the skin between
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the first and second electrical contacts based on the measurement ghtained during the second
period of time (1060). In some examples, a processor or other system disposed in the
wearable device could operate g voltage sensor included in the resistance sensor to measure
the voliage between the first electrical contact and the second electrical contact at one or
more points i time during the second period of time. The processor could then execute
instructions such that a resistance of the skin was determined based a decay rate, 3 decay
profile, a decay time te half-voltage, or some other property of the voltage across the
capacitor as the capacitor discharges through the skin via the clectrical contacts during the
second period of time. Determining the resistance of the skin at the external body surface
based on the measuroment obtained during the second period of time (10606) could include
determining a multiple of a specified capacitance of the capacitor. The determined multiple
could correspond to a time property {e.g., a decay rate, a decay profile, a decay time to half-
voltage) of the measurement(s) obtained during the second period of time. Other methods of
determining the resistance of the skin based on the measurement obtained during the second
period of time 1660 are anticipated.

(86142} The method 1000 also inchudes operating the electronic switch, doring a third
period of time, such that the electronic switch 18 open {1070). This could jnclude appliying
specitied voltage, current, or other electrical signal to the electromic switch such that the
electronic switch has a very large effective resistance to the flow of current {c.g., the
clectronic switch has a very high effective resistance, e.g., a foew tens of mega-chms). In
some examples, the clectronic switch could be a FET, a BIT, or some other transistor
clements and operating the electronic switch 1070 could mchude applying a high voltage (c.g.,
a voltage provided by a power supply of the wearable device), a low voltage, or 3
substardially zero voltage to a gate, base, or other control terminal of the clectronic switch.
(331834 The method 1000 also mcludes obtaining a measurement, during the third
period of time, using the capacitance sensor {1080). For example, the capacitance sensor
could include a relexation oscillator configured to generate an output having one or more
properties {c.g., 2 frequency, a duty cycle, a pulse width) related to the capacitance between
the electrical contacts (e.g., a capacitance of skin between the clectrical contacts). The
capacitance sensor could include comparators, current sources, voltage sources, or other
clements as described herein and configured to generate an electrical output having one o
more propertics related to the capacitance between the electrical contacts.

80184} The method 1000 also inclodes determining a capacitance between the first

and second electrical coniacts {e.g., a capacitance of skin between the clectrical contacts)
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based on the measurement obtained dorimng the third period of time (1090}, In some examples,
a processor or other systom disposed in the wearable device could operate to measure 3
frequency, a pulse width, a duty cycle, or some other properties of an electrical cutput of the
capacitance sensor at one or more points in time during the third period of time. The
processor could then execute instructions such that a capacitance between the electrical
contacts was determined based on the properties of the electrical cutput(s) of the capacitance
sensor during the thivd period of time. Determining the capacitance between the clectrical
contacts based on the measurement obtained during the third period of time (1090) could
inchude determining a capacitance based on a lockup table or other calibration data relating
values of the cleetrical output(s) of the capacitance sensor {o.g., a frequency, pulse width,
duty cycle, or other temporal properties of an output waveform) to values of capacitance.
Other methods of determining the capacitance between the electrical contacts based on the
measurcment obiained during the third period of time 1090 are anticipated.

166165] The method 1000 for operating a wearable device could nclude additional
steps relating to a determined resistance and/or capacitance. [n some examples, the method
1000 could include indicating the determined resistance and/or capacitance using a display
disposed in the wearable device. In some examples, the method 000 could include
wirelessly dicating the determined resistance and/or capacitance using a wireless
transmitier disposed in the wearable device. For example, the wearable device could indicate
a determined resistance and/or capacitance or sequence of such to a remole system (e.g., a
server or cloud service accessible to a bealtbeare provider). In some examples, the method
1000 could include operating the wearable device based on the determined resistance and/or
capacitance. For exampie, the wearable device could be operated to generate an alert, send a
transimission o a remote system, or some othor action in response to a deternined resistance
and/or capacitance or sequence of such (e.g., if the determined resistance ov capacitance
exceeds a threshold). I another example, the method 100 could inchide determining whether
the wearable device is mounted to an external body surface of a wearer based on a value, a
change in value, and/or some other property of a determined resistance and/or capacitance.
For example, the method could include determining that the wearable device s not mounted
to a wrist of a wearer based on a detected capacitance between the electrical contacts being
below a specified value and/or increasing or decreasing at a specified rate and/or beyond a
spectfied minimum amount of change in determined capacitance. The methed could further
mclade operating the wearable device relative to such a determination. For example, one or

more sensors {e.g., the resistance sensor) could be disabled and/or operated in a low-power
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state responsive to a detenmination, based on ome or more properties of a determined
capacitance as described herein, that the wearable dovice s not mounted o skin of a wearer
Other applications of a determmined resistance and/or capacitance are anticipated.

[80196] The example methed 1000 ihstrated in Figure 10 1s meant as an llustrative,
non-Hmiting example. Additional or alternative clements of the method and additional or
altcrnative components of the wearable device arc anticipated, as will be obvious to one

skilled in the art.

CONCLUSION
68167 Where cxample embodiments tuvolve information related to a person or a
device of a person, the embodiments should be understood to include privacy controls. Such
privacy controls include, at least, anonymization of device identifiers, transparency and user
controls, mchuding functionality that would enable users to modify or delete information
relating to the user’s usc of a product.
{86188 Further, in situations in where embodiments discussed herein collect personal
mmforpation about users, or may make use of personal information, the users may be provided
with an opportunity to control whether programs or features collect user information (c.g.,
mformation about a user’s medical history, social network, social actions or activities,
profession, a user’s preferences, or a user’s curent location), or to control whether and/or
how to receive content from the content server that may be more relevant to the user. In
addition, certain data may be treated in one or more ways before it is stored or used, so that
personally identifiable information is removed. For example, a user’s identity may be treated
so that no persopally identifisble information can be determined for the user, or 8 user’s
geographic location may be generalized where location information is obtained (suchas 1o a
city, ZIP code, or state level), so that a particular location of a user camnot be determined.
Thus, the user may have control over how information is collected about the user and used by
a content server.
166169] The particular arrangements shown in the Figures should not be viewed as
hnuting.  H should be understood that other embodiments may include more or less of each
clement shown in a given Figure, Further, some of the illustrated elements may be combined
or omitted. Yet further, an exemplary cmbodiment may inclide cloments that are not
ilustrated in the Figures.
(30116 Additionally, while various aspects and embodiments have been disclosed

herein, other aspects and cmbodiments will be apparent o those skilled in the art. The various
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aspects and embodiments disclosed herein are for purposes of illustration and are not mtended
to be limiting, with the true scope and spirit being mdicated by the following claims. Other
embodinents may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally deseribed herein, and illustrated in the figiwes,
can be arranged, substituted, combined, separated, and designed in 3 wide variety of different

configurations, all of which are contemplated hercin
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CLAIMS

What is clatmed is:

i. A wearable device, comprising:

a housing;

a mount configured to mount the housing to an external body surface;

first and second electrical contacts protruding from the housing, wherein the first and
second electrical contacts are configured to contact skin at the external body surface when the
housing is mounted on the external body surface; and

clectromics  disposed in  the wearable device, wherein the electronics
COMpPIISes:

a capacttor, wherein the capacitor bas a specified capacitance;

an clectrontc switch in series with the capacitor, whercin the series
combination of the capacitor and the electronic switch is electronically coupled to the first
and second electrical contacts;

a resistance sensor configured 1o obtain a measurement relating o a resistance
of the skin between the first and second electrical contacts when the electronic switch is
closed and the wearable device is mounted (o the external body surface; and

a capacitance sensor counfigured to obtain a measurement relating to a
capacitance of the skin between the first and second clectrical contacts when the clectronic

switch is open and the wearable device is mounted to the external body surface.

2. The wearable device of claim |, wherein the external body surface is a wrist

location.
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3. The wearable device of claim 1, wherein the resistance sensor comprises:

a voltage source configured to provide a specified voltage velative to the second
clectrical contact;

a voltage source swiich coupled to the voltage source;

a resistor connected between the voltage source switch and the first electrical contact,
wherein the resistor has a specified resistance; and

a voltage sensor coupled to the resistor, wherem the voltage sensor s configured to
sense a voltage between the first and second elecirical contacts via the resistor, and wherein
the voltage is related to at lcast the specified voltage, the specified resistance, and the

resistance of the skin between the {irst and second electrical contacts.

4, The wearable device of claim 3, wherein the voltage sensed by the vohage
sensor when the housing is mounted on the external body surface decreases over tine in
accordance with a decay profide when the voltage source switch is open and the electronic
switch s closed, and wherein the decay profile 1s related to the resistance of the skin between

the first and second electrical contacts and the specified capacitance.

S. The wearable device of claim 4, wherein the voltage sensor comprises an

analog-to-digital converter.

6. The wearable device of claim 1, further comprising a user inderface configured
to provide a user-discernible indication of the resistance of the skin between the first and

second electrical contacts.

7. The wearable device of claim 1, further comprising 8 wireless commumication
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mterface configured to transmit data indicative of the resistance of the skin between the first

and second electrical contacts.

3. The body-mountable device of claim !, wherein the capacitance sensor
comprises 4 relaxation oscillator, wherein an operational frequency of the relaxation oscillator

is related 1o the capacitance of the skin between the first and second electrical contacts.

9. The wearable device of claim 1, wherein the first and second electrical

5

contacts have a characteristic size between | pullimeter and 5§ millimeters.

1. The wearable device of claim 1, wherein the first and second electrical

contacts are separated by a distance of between | millimeter and 50 millimeters.

il The wearable device of clatm 1, wherein the first and second electrical

contacts are sprimg-loaded.

2. The wearable device of claim |, wherein the housing s configured o be
water-proot, wherein the first and second electrical contacts are configored to protrude from

the housing such that the housing is water-proof.

13, The wearable device of claim |, further comprising:

a temperature sensor, wherein the temperature sensor is thermally coupled to at least
one of the first and second clectrical contacts such that the temperature sensor can be
operated to obtain a measurcment related to a temperature of the skin at the external body

surface when the wearable device is mounted to the external body surface.
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14, A method, comprising:

mounting a wearable device (o an extemal body surface, wherein the wearable device
comprises: (i} a housing, (ii) a mount configured to mount the housing to an external body
surface, (111) first and second electrical contacts protruding from the housing, (iv) a capacitor
having a specified capacitance, (v} an electronic switch in series with the capacitor, wherein
the serics combination of the capaciior and the clectronic switch is electronically coupled to
the first and sccond electrical contacts, (vi} a resistance sensor configured to obtamn a
measurement relating to a resistance of skin between the first and second clectrical contacts
when the electronic swiich is closed, {vii) a capacitance scnsor counfigured to obtain a
measurement related to a capacitance between the first and second electrical contacts when
the clectronic switch is open, wheren mounting the wearable device to an external body
surface comprises mounting the housing to the extemal body surface using the mount such
that the first and second clectrical contacts contact skin at the external body surface;

operating, during a first period of time, the clectronic switch such that the electronic
switch is closed;

charging, during the first period of time, the capacitor using the resistance sensor;

operating, during a second period of time, the clectronic switch such that the
electronic switch is closed;

obtaining, during the second period of time, a measurement using the resistance
Sensor;

determining a resistance of the skin between the first and second contacts based on the
measurement obtained using the resistance sensor during the second period of time;

operating, during a third period of time, the clecironic switch such that the electronic

switch is open;
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obtaining, during the third period of time, a measurement using the capacitance
sensor; and
determining a capacitance between the first and second electrical contacts based on

the measurement obtained using the capacitance sensor during the third period of time.

15, The method of claim 4, wherein the resistance scusor comprises a voltage
sensor configured to measure a voltage related to 3 voltage between the fust and second
clectrical contacts, and wherein charging the capacitor using the resistance sensor comprises
applying a voltage to the serics combination of the electronic switch and the capacitor vntil

the voitage measured by the voltage sensor is substantially equal o a specified charge voltage.

16. The method of claim 14, wherein the resistance sensor comprises a voltage
sensor configured to measure a voltage related to a voltage between the fust and sccond
clecirical contacts, and wherein obiaining 2 measurcment using the resistance sensor
comprises operating the voltage sensor to detect a property of a decay profile of the voltage

sensed by the voltage sensor.

7. The method of claim 14, further comprising indicating the determined

resistance using a display disposed n the wearable device.

18, The method of claim 14, further comprising operating the wearable device

based on the determined resistance.

i9. The method of clatm 14, forther comprising determining whether the wearable

device is mounted on the external body surface based on a determined capacitance between

o
(8]
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the first and second electrical contacts.

20.  The method of claim 14, whercin the capacitance sensor comprises a
refaxation oscillator, wherein the relaxation oscillator is electronically coupied to the first and
sccond electrical contacts such that an operating frequency of the relaxation oscillator is
related to the capacitance between the fust and second electrical countacts, and wherein
obtaining a measorement using the capacitance sensor comprises obtaining a measurement of

the operating frequency of the relaxation oscillator.
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1000

J

MOUNTING A WEARABLE DEVICE TO AN EXTERNAL BODY SURFACE USING A MOUNT SUCH
THAT FIRST AND SECOND ELECTRICAL CONTACTS OF THE WEARABLE DEVICE CONTACT
SKIN AT THE EXTERNAL BCDY SURFACE

OPERATING AN ELECTRONIC SWITCH OF THE WEARABLE DEVICE, DURING A FIRST PERIOD
OF TiIME, SUCH THAT THE ELECTRONIC SWITCH IS CLOSED

CHARGING A CAPACITOR OF THE WEARABLE DEVICE, DURING THE FIRST PERIOD OF TIME,
USING A RESISTANCE SENSCOR OF THE WEARABLE DEVICE

1030

OPERATING THE ELECTRONIC SWITCH |, BURING A SECOND PERIOD OF TIME, SUCH THAT
THE ELECTRONIC SWITCH IS CLOSED

OBTAINING A MEASUREMENT DURING THE SECOND PERIOD OF TiME USING THE
RESISTANCE SENSOR

DETERMINING A RESISTANCE OF THE SKIN BETWEEN THE FIRST AND SECOND CONTACTS
BASED ON THE MEASUREMENT OBTAINED DURING THE SECOND PERICD OF TIME

OPERATING THE ELECTRONIC SWITCH , DURING A THIRD PERIOD OF TIME, SUCH THAT THE
ELECTRONIC SWITCH IS OPEN

OBTAINING A MEASUREMENT DURING THE THIRD PERIOD OF TIME USING THE CAPACITANCE
SENSOR

DETERMINING A CAPACITANCE BETWEEN THE FIRST AND SECOND CONTACTS BASED ON
THE MEASUREMENT OBTAINED DURING THE THIRD PERIOD OF TIME

FIGURE 10
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