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(57) ABSTRACT

A wearable electronic device has a processing unit and a
health sensor included in a housing, a band operable to
couple the housing to a body part of a user, and a tightness
sensor coupled to the band. The tightness sensor is operable
to produce a signal indicative of a tightness of the band on
the user’s body part. The processing unit determines a
tightness of the band based on the signal and perform one or
more actions based thereon. Such actions may include
evaluating the signal for changes in the tightness of the band
according to operational tolerances of the health sensor,
providing output directing the user to adjust the band to
improve operation of the health sensor, monitoring changes
in the tightness of the band and adjusting a measurement
obtained by the health sensor, and so on.
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BAND TIGHTNESS SENSOR OF A
WEARABLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 14/867,230, filed Sep. 28, 2015, entitled
“Band Tightness Sensing,” the contents of which are incor-
porated by reference as if fully disclosed herein.

FIELD

[0002] The described embodiments relate generally to
wearable electronic devices. More particularly, the present
embodiments relate to sensing the tightness of a band
attaching a wearable electronic device to a user’s body part
associated with the operation of a health sensor.

BACKGROUND

[0003] Users frequently encounter a variety of different
electronic devices in the modern world. Such electronic
devices include computers, media players, entertainment
systems, displays, communication systems, and so on. Many
electronic devices, such as laptop computers, tablet com-
puters, and smart phones, may be portable.

[0004] Some electronic devices, referred to as “wearable
electronic devices,” may be configured to be worn by a user.
In some cases, such a wearable electronic device may
include one or more bands, straps, or other attachment
mechanisms that may be used to attach the wearable elec-
tronic device to a user’s body part. For example, a wrist
worn wearable electronic device may include a band that can
be used to secure the wearable electronic device to a user’s
wrist.

[0005] Wearable electronic devices may include a variety
of components. For example, such wearable electronic
devices may include various sensors, such as sensors that
may be used to detect information about the user.

SUMMARY

[0006] The present disclosure relates to sensing the tight-
ness of a band attaching a wearable electronic device to a
user’s body part. A wearable electronic device may have a
processing unit and a health sensor included in a housing, a
band operable to couple the housing to a body part of a user,
and a tightness sensor coupled to the band. The tightness
sensor may be operable to produce a signal indicative of a
tightness of the band on the user’s body part. The processing
unit may determine a tightness of the band based on the
signal and perform various actions such as evaluating the
signal for changes in the tightness of the band according to
operational tolerances of the health sensor, providing output
directing the user to adjust the band to improve operation of
the health sensor, monitoring changes in the tightness of the
band and adjusting a measurement obtained by the health
sensor, and so on.

[0007] In various embodiments, a wearable device may
have a housing including a processing unit and a health
sensor, a band operable to couple the housing to a body part
of a user, and a tightness sensor that is coupled to the band
and communicably coupled to the processing unit. The
tightness sensor may produce a signal indicating a tightness
of the band on the user’s body part. The processing unit may
be configured to determine the tightness of the band based
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on the signal and, if the tightness of the band is outside a
range of tightness values, provide output directing the user
to adjust the band to improve operation of the health sensor.

[0008] In some examples, the tightness sensor may
include first and second capacitive plates that are operable to
change proximity with respect to each other in response to
achange in the tightness of the band. In such an example, the
signal may indicate a capacitance between the first and
second capacitive plates. The first and second capacitive
plates may be operable to change proximity with respect to
each other in a direction perpendicular to a lengthwise
dimension of the band. Alternatively, the first and second
capacitive plates may be operable to change proximity with
respect to each other to in a direction along a lengthwise
dimension of the band.

[0009] In various examples, the tightness sensor may
include a strain gauge. The strain gauge may be positioned
in the band along a lengthwise dimension of the band. The
strain gauge may be positioned in a portion of the band
where the band attaches to the housing and is disposed
perpendicular to a direction of the attachment.

[0010] Insomeembodiments, a wearable device may have
a housing including a processing unit and a health sensor, a
band operable to couple the housing to a body part of a user,
and a tightness sensor that is coupled to the band and is
communicably coupled to the processing unit. The tightness
sensor may produce a signal indicating a tightness of the
band. The processing unit may be configured to monitor
changes in the tightness of the band based on the signal and
adjust a measurement obtained by the health sensor based on
the changes in the tightness of the band to account for
movement of the body part.

[0011] In various examples, the tightness sensor may
include a pressure sensor positioned in an air bladder. The
tightness of the band may be related to a pressure in the air
bladder.

[0012] In some examples, the tightness sensor may
include a series of conductors positioned in the band. In such
an example, the signal may indicate at least one of a
resistance or a capacitance between conductors of the series
of conductors. The signal may indicate the resistance
between the conductors and the conductors may be posi-
tioned along a lengthwise dimension of the band. The signal
may indicate the capacitance between conductors and the
conductors may be positioned perpendicular to a lengthwise
dimension of the band. The signal may indicate both the
resistance and the capacitance between the conductors.

[0013] In numerous embodiments, a wearable device may
have a housing including a processing unit and a health
sensor, a band operable to couple the housing to a body part
of a user, and a tightness sensor that is coupled to the band
and is communicably coupled to the processing unit. The
tightness sensor may produce a signal indicating a tightness
of the band. The processing unit may evaluate the signal for
changes in the tightness of the band according to operational
tolerances of the health sensor that relate to the tightness of
the band.

[0014] In various examples, the tightness sensor may
include a capacitive plate disposed in the band that is
operable to change proximity with respect to the body part
of the user in response to a change in the tightness of the
band. The signal may indicate a capacitance between the
capacitive plate and the body part of the user.
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[0015] In some examples, the housing may include an
actuator operable to produce a vibration. In such examples,
the tightness sensor may detect the vibrations produced by
the actuator that travel through at least one of the band or the
body part of the user.

[0016] In various examples, the housing may include an
ultrasonic transmitter operable to produce an ultrasonic
signal. In such examples, the tightness sensor may include
an ultrasonic receiver that receives the ultrasonic signal
through the body part of the user.

[0017] In some examples, the tightness sensor may
include a microphone. In some cases, the microphone may
detect sound waves produced by relative movement of the
band and the body part of the user. In various cases, the
housing may include a speaker and the microphone may
detect sound waves produced by the speaker. In such cases,
the signal may indicate a dampening level related to the
tightness of the band.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The disclosure will be readily understood by the
following detailed description in conjunction with the
accompanying drawings, wherein like reference numerals
designate like structural elements.

[0019] FIG. 1A depicts a wearable electronic device that is
operable to determine a tightness of a band.

[0020] FIG. 1B depicts a front view of the wearable
electronic device of FIG. 1A.

[0021] FIG. 2 depicts an example cross-sectional view of
the wearable electronic device of FIG. 1B, taken along line
A-A of FIG. 1B.

[0022] FIG. 3 depicts a first alternative example of the
wearable electronic device of FIG. 2 in accordance with a
first alternative embodiment.

[0023] FIG. 4A depicts a second alternative example of
the wearable electronic device of FIG. 2 in accordance with
a second alternative embodiment.

[0024] FIG. 4B depicts the wearable electronic device of
FIG. 4A after the band tightens.

[0025] FIG. 5 depicts a third alternative example of the
wearable electronic device of FIG. 2 in accordance with a
third alternative embodiment.

[0026] FIG. 6A depicts a fourth alternative example of the
wearable electronic device of FIG. 2 in accordance with a
fourth alternative embodiment.

[0027] FIG. 6B depicts the wearable electronic device of
FIG. 6A after the band tightens.

[0028] FIG. 7 depicts a fifth alternative example of the
wearable electronic device of FIG. 2 in accordance with a
fifth alternative embodiment.

[0029] FIG. 8 depicts a sixth alternative example of the
wearable electronic device of FIG. 2 in accordance with a
sixth alternative embodiment.

[0030] FIG. 9 depicts a seventh alternative example of the
wearable electronic device of FIG. 2 in accordance with a
seventh alternative embodiment.

[0031] FIG. 10 depicts an eighth alternative example of
the wearable electronic device of FIG. 2 in accordance with
an eighth alternative embodiment.

[0032] FIG. 11 depicts a ninth alternative example of the
wearable electronic device of FIG. 2 in accordance with a
ninth alternative embodiment.
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[0033] FIG. 12 depicts a tenth alternative example of the
wearable electronic device of FIG. 2 in accordance with a
tenth alternative embodiment.

[0034] FIG. 13 depicts an eleventh alternative example of
the wearable electronic device of FIG. 2 in accordance with
an eleventh alternative embodiment.

[0035] FIG. 14 depicts a flow chart illustrating an example
method for using a band tightness sensor with a health
sensor. The method may be performed by one or more of the
wearable electronic devices of FIGS. 1A-13.

[0036] FIG. 15 depicts a flow chart illustrating an example
method for directing a user to adjust band tightness. The
method may be performed by one or more of the wearable
electronic devices of FIGS. 1A-13.

[0037] FIG. 16 depicts a flow chart illustrating an example
method for adjusting a health sensor measurement based on
band tightness. The method may be performed by one or
more of the wearable electronic devices of FIGS. 1A-13.
[0038] FIG. 17 depicts a block diagram illustrating
example components that may be utilized in the wearable
electronic device and example functional relationships of
those components.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to represen-
tative embodiments illustrated in the accompanying draw-
ings. It should be understood that the following descriptions
are not intended to limit the embodiments to one preferred
embodiment. To the contrary, it is intended to cover alter-
natives, modifications, and equivalents as can be included
within the spirit and scope of the described embodiments as
defined by the appended claims.

[0040] The description that follows includes sample sys-
tems, methods, and computer program products that embody
various elements of the present disclosure. However, it
should be understood that the described disclosure may be
practiced in a variety of forms in addition to those described
herein.

[0041] The following disclosure relates to sensing the
tightness of a band attaching a wearable electronic device to
auser’s body part. A wearable electronic device may include
a housing having a processing unit and a health sensor, a
band operable to couple the housing to a body part of a user,
and a tightness sensor coupled to the band that produces a
signal indicative of a tightness of the band on the user’s body
part. The processing unit may determine a tightness of the
band based on the signal and perform various operations
based thereon.

[0042] For example, the processing unit may monitor
and/or evaluate the signal for changes in the tightness of the
band according to operational tolerances of the health sensor
that relate to the tightness of the band. By way of another
example, the processing unit may provide output directing
the user to adjust the band to improve operation of the health
sensor if the tightness of the band is outside a range of
tightness values. By way of still another example, the
processing unit may monitor changes in tightness of the
band and adjust a measurement obtained by the health
sensor to account for movement of the body part.

[0043] The tightness sensor may be configured in various
different implementations. For example, the tightness sensor
may include one or more capacitive plates (also encompass-
ing other shaped capacitive elements, flexible sheets, and so
on) operable to change proximity with respect to each other
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in a direction perpendicular to or along a lengthwise dimen-
sion of the band. The capacitive plates may form a capacitor
whose capacitance changes based on changes in the tight-
ness of the band due to changes in proximity of the capaci-
tive plates resulting from changes in the tightness of the
band. By way of another example, the tightness sensor may
include a strain gauge positioned in the band along a
lengthwise dimension of the band or in a portion of the band
where the band attaches to the housing disposed perpen-
dicular to a direction of the attachment. In another example,
the tightness sensor may include a pressure sensor posi-
tioned in an air bladder whose pressure is related to the
tightness of the band. In still another example, the tightness
sensor may include a series of conductors positioned in the
band whose resistance and/or capacitance changes in
response to changes in the tightness of the band. In yet
another example, the tightness sensor may detect or receive
vibrations or ultrasonic signals transmitted by a component
included in the housing through the band and/or the body
part of the user. In yet further examples, the tightness sensor
may include a microphone that detects sound waves pro-
duced by relative movement of the band and the body part
of the user and/or produced by a speaker included in the
housing that are variously dampened by the tightness of the
band.

[0044] In some implementations, the tightness sensor may
be disposed in other locations rather than coupled to the
band. For example, various configurations of tightness sen-
sors may be coupled to the housing and/or included in the
housing. In one example, an accelerometer may detect
movement related to vibrations produced by an actuator. In
another example, one or more force sensors may be posi-
tioned on a portion of a housing component coupled to the
housing that contacts a user’s body part when the wearable
electronic device is worn. In still another example, one or
more force sensors may couple the housing component to
the housing.

[0045] These and other embodiments are discussed below
with reference to FIGS. 1A-17. However, those skilled in the
art will readily appreciate that the detailed description given
herein with respect to these Figures is for explanatory
purposes only and should not be construed as limiting.

[0046] FIG. 1A depicts a wearable electronic device 100
that is operable to determine a tightness of a band 102. FIG.
1B depicts a front view of the wearable electronic device
100 of FIG. 1A.

[0047] With reference to FIGS. 1A and 1B, the wearable
electronic device 100 may include a housing 101 or main
body that is operable to be coupled to a body part of a user
(such as a wrist) via the band 102 or other attachment
mechanism, which may include a first band segment 103A
and a second band segment 103B. The wearable electronic
device 100 may determine a tightness of the band 102 and
perform one or more actions based thereon.

[0048] FIG. 2 depicts an example cross-sectional view of
the wearable electronic device 100 of FIG. 1B, taken along
line A-A of FIG. 1B. The wearable electronic device 100
may include a tightness sensor coupled to the first band
segment 103A and communicably connected to a processing
unit 207 (such as via a printed circuit board 206 and a flex
circuit 205 and/or other electrical connection). In this
example, the tightness sensor may include a strain gauge
204.
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[0049] The strain gauge 204 may be positioned within the
band segment 103A along a lengthwise dimension of the
first band segment 103 A (the dimension running from where
the band segment 103 A attaches to the housing 101 to where
the first band segment 103A is operable to couple to the
second band segment 103B). Attaching the housing 101 to
a user’s body part may exert force on the first band segment
103A related to elongation of the first band segment 103A
and/or the entire band 102. This force may strain the strain
gauge 204 and the processing unit 207 may receive one or
more signals from the strain gauge 204 accordingly. The
strain data included in such a signal or signals may be
analyzed by the processing unit 207 and correlated to a
tightness of the band 102.

[0050] The processing unit 207 may use this determined
tightness of the band 102 in a variety of ways. The process-
ing unit 207 may use the determined tightness with a health
sensor 209 that provides measurements or other data related
to the user’s body to the processing unit 207 via the printed
circuit board 206 and the flex circuit 208 and/or other
electrical connection.

[0051] By way of example, the health sensor 209 may be
a photoplethysmogram (PPG) sensor mounted on a sensor
plate 211 or other housing component coupled to the hous-
ing 101, such as via adhesive 210. Such a health sensor 209
may emit light through sensor windows 212 in the sensor
plate 211 into the user’s body part and receive the portion of
the transmitted light that is reflected back. The health sensor
209 may transmit measurements regarding the received light
to the processing unit 207.

[0052] The health sensor’s 209 operation may be related to
the tightness of the band 102. For example, the health sensor
209 may transmit less accurate measurements if the band
102 1s too loose (and/or too tight). Operational tolerances of
the health sensor 209 may make the health sensor accurate
if the tightness of the band 102 is within a range of tightness
values, such as not too loose and/or not too tight. Further,
flexing and/or other movement of the user’s body part that
may change tightness of the band 102 may be incorrectly
measured by the health sensor 209 as data relating to other
phenomenon, such as blood flow.

[0053] In various implementations, the processing unit
207 may evaluate the determined tightness for changes
according to operational tolerances of the health sensor 209.
The operational tolerances may be operational tolerances of
the health sensor 209 that relate to tightness of the band 102,
such as whether or not the band 102 is too loose or too tight
for the health sensor 209 to operate accurately or whether the
user’s body part is moving too much for the health sensor
209 to measure accurately.

[0054] In some implementations, the processing unit 207
may determine the tightness of the band 102 and provide
output directing the user to adjust the first band segment
103A to improve operation of the health sensor 209 if the
tightness 1s outside a range of tightness values. The range of
tightness values may represent tightnesses in which the
health sensor 209 accurately, or more accurately, operates.
Such output may be a visual output via a display component
included in the housing 101, an audio output via a speaker
or other acoustic component included in the housing 101, a
haptic output via a vibration device or other actuator
included in the housing 101, a combination of various
outputs, and so on.
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[0055] In various implementations, the processing unit
207 may monitor changes in the tightness of the band 102
and adjust measurements obtained by the health sensor 209.
The processing unit 207 may adjust the measurements based
on the changes in tightness of the band, such as to account
for movement of the user’s body part.

[0056] For example, the health sensor 209 may provide
measurements to the processing unit 207 that the processing
unit 207 may analyze to determine blood flow in the user’s
body part. However, movement of the user’s body part (such
as movement of a wrist related to a user repeatedly clenching
his fist) may be measured by the health sensor 209 such that
the processing unit 207 misinterprets such measurements as
related to blood flow. In such a case, flexing of the user’s
wrist may be interpreted by the processing unit 207 as the
user’s pulse rate. Such movement may not be detectable by
other movement sensors such as accelerometers, as flexing
movements may not change the actual position of the
housing 101 and/or other components despite the fact that
movement is occurring.

[0057] To correct for such movement, the processing unit
207 may screen out measurements corresponding to changes
in the tightness of the band 102. In this way, measurements
related to actual blood flow may be analyzed in determining
blood flow while measurements related to flexing or other
similar movement may not be analyzed, resulting in a more
accurate determination of information using the health sen-
sor 209.

[0058] The strain gauge 204 may be configured to measure
strain experienced in multiple directions. For example, the
strain gauge 204 may measure strain experienced in the
lengthwise direction of the band 102 and strain experienced
in the widthwise direction of the band 102 (perpendicular to
the lengthwise direction). Measuring strain in multiple
directions may allow for screening out of erroneous strain
data that relates to temperature variations in the band 102 as
opposed to strain data relating to elongation of the band 102
due to tightness.

[0059] Insome cases, the strain gauge 204 may experience
strain due to bending of the band 102 unrelated to the
tightness of the band 102. The processing unit 207 may
analyze the strain data included in the signal received from
the strain gauge 204 to determine strain data indicating of
bending as opposed to tightness. In implementations where
the processing unit 207 so analyzes the strain data, the
processing unit 207 may disregard strain data related to
bending as opposed to tightness in determining the tightness
of the band 102.

[0060] Although the strain gauge 204 is illustrated as
embedded in the middle of the first band segment 1034, it
is understood that this is an example. In various implemen-
tations, the strain gauge 204 may be disposed on a top
surface of the first band segment 103A, a bottom surface of
the first band segment 103 A, and/or otherwise positioned.
For example, in various implementations, the strain gauge
204 may include both a strain gauge positioned on a top
surface of the first band segment 103A and a strain gauge
positioned in a bottom surface of the first band segment
103A in order to more granularly determine the strain
experienced at various portions of the band 102 that may
relate to the tightness of the band 102.

[0061] FIGS. 3-13 depict additional examples in accor-
dance with further embodiments. These additional examples
are elaborated in detail below.
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[0062] As contrasted with FIG. 2, the example depicted in
FIG. 3 positions a strain gauge 304 in a portion of the first
band segment 303A where the first band segment 303A
attaches to the housing 301. In this example, the attachment
is in a direction perpendicular to the lengthwise dimension
of the band.

[0063] As illustrated, a portion of the housing 301 (and/or
associated components) partially surrounds the portion of
the first band segment 303A to keep the first band segment
303A coupled to the housing 301 unless the first band
segment 303A is moved in a direction perpendicular to the
direction of the attachment. As such, tightness of the band
302 may strain the portion of the first band segment 303A
(due to how the housing 301 resists decoupling of the first
band segment 303A in that direction). This strain may be
experienced by the strain gauge 304 and the strain gauge 304
may transmit signals including strain data to the processing
unit 307 accordingly via the flex circuit 305 and/or other
electrical connection and the printed circuit board 306.
[0064] Although this example illustrates and describes the
strain gauge 304 as positioned in the portion of the first band
segment 303A, it is understood that this is an example. In
various implementations, the strain gauge 304 may be
positioned on and/or in a portion of the housing 301 adjacent
the portion of the first band segment 303A instead of on
and/or in the portion of the first band segment 303A.
[0065] By way of another example, in some implementa-
tions, the first band segment 303 A and/or the housing 301
may include various retaining structures operable to resist
decoupling of the housing 301 and the first band segment
303A. For example, the first band segment 303A may
include a tab that projects to engage a recess of the housing
301 when the first band segment 303A is coupled to the
housing 301. In such an example, the tab may be strained by
tightness of the band 302 and the strain gauge 304 may be
positioned on and/or within the tab.

[0066] FIG. 4A depicts an example in accordance with
further embodiments where the tightness sensor includes
first and second capacitive plates 413 and 414 that are
operable to change proximity with respect to each other in
response to a tightness of the band 402. FIG. 4B depicts
tightening of the band 402, resulting in the first and second
capacitive plates 413 and 414 moving closer to each other.
[0067] With reference to FIGS. 4A and 4B, as the first and
second capacitive plates 413 and 414 change proximity with
respect to each other, the capacitance between the first and
second capacitive plates 413 and 414 may change. In this
example, the processing unit 407 positioned within the
housing 401 may receive a signal from the first or the second
capacitive plate 413 and 414 via the flex circuit 405 and/or
other electrical connection and the printed circuit board 406.
The signal may include the capacitance, and thus the prox-
imity between the first and second capacitive plates 413 and
414. The processing unit 407 may correlate the capacitance
to a tightness of the band 402.

[0068] Although this example is illustrated and described
as including both the first capacitive plate 413 and the
second capacitive plate 414, it is understood that this is an
example. In various implementations, the tightness sensor
may include a single capacitive plate that changes proximity
with respect to the user’s body part in response to changes
in tightness of the band 402. In such an example, the
capacitance may be between the single capacitive plate of
the first band segment 403A and the user’s body part.
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[0069] Further, the first and second capacitive plates 413
and 414 are illustrated as oriented such that they are operable
to change proximity with respect to each other in a direction
perpendicular to the lengthwise dimension of the band 402.
However, it is understood that this is an example and that the
first and second capacitive plates 413 and 414 may be
disposed otherwise in other implementations.

[0070] For example, FIG. 5 depicts an example where first
and second capacitive plates 513 and 514 are disposed in the
first band segment 503A such that they are operable to
change proximity with respect to each other in a direction
along the lengthwise dimension of the band 502. This
change in proximity may be indicated in the signal received
by the processing unit 507 via the flex circuit 505 and/or
other electrical connection and the printed circuit board 506.
[0071] Although this example is illustrated and described
as including both the first capacitive plate 513 and the
second capacitive plate 514, it is understood that this is an
example. In various implementations, the tightness sensor
may include a single capacitive plate that changes proximity
with respect to the housing 501 in response to changes in
tightness of the band 502. In such an example, the capaci-
tance may be between the single capacitive plate of the first
band segment 503 A and the housing 501.

[0072] FIG. 6A depicts another example in accordance
with further embodiments where the tightness sensor
includes a series of conductors 615 (which may be conduc-
tive particles) positioned in the first band segment 603A.
FIG. 6B depicts tightening of the band 602, resulting in the
series of conductors 615 moving further apart from each
other (and/or changing dimensions) due to band stretching.
[0073] The series of conductors 615 may be connected to
the printed circuit board 606 disposed in the housing 601,
and thus the processing unit 607, at a first end by the flex
circuit 605 and/or other electrical connection and at a second
end by a conductor 616 coupled to the flex circuit 605. In
this way, the signal may include an indication of a resistance
and/or a capacitance across the series of conductors 615. The
resistance and/or capacitance across the series of conductors
615 may be dependent on a tightness of the band 602.
[0074] For example, with respect to FIGS. 6A-6B, tight-
ening of the band 602 may cause the series of conductors
615 to move further apart. This may cause a resistance
across the series of conductors 615 to increase. Conversely,
loosening of the band 602 may allow the series of conduc-
tors 615 to move closer together. This may cause the
resistance to decrease. As such, the processing unit 607 may
receive the signal and correlate resistance included in the
signal to a tightness of the band 602.

[0075] Although a resistance of the series of conductors
615 is described, it is understood that this is an example. In
other implementations, one or more other electrical proper-
ties of the series of conductors 615 may be used without
departing from the scope of the present disclosure, such as
capacitance.

[0076] As shown, the series of conductors 615 is a single
row of conductors 615 positioned along the lengthwise
dimension of the band 602. However, it is understood that
this is an example. In various implementations, other con-
figurations may be used.

[0077] For example, multiple rows of conductors 615 may
be positioned above and below each other along the length-
wise dimension of the band 602. As such, tightening of the
band 602 may cause conductors 615 adjacent to each other
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along the lengthwise dimension of the band 602 in one of the
rows to move further apart from each other, increasing the
resistance between those conductors 615. However, this may
cause adjacent rows of conductors 615 above and below
each other to at the same time move closer, decreasing the
resistance between such adjacent rows of conductors 615. In
such an implementation, resistances between conductors
615 in multiple directions may be measured and compared.
An increase in resistance in a first direction and a decrease
in a second direction may indicate increased tightness
whereas a decrease in the first direction and an increase in
the second direction indicate decreased tightness. This may
allow greater granularity of measurement than in single row
implementations, which may allow for greater granularity in
determining band 602 tightness.

[0078] Alternatively, the series of conductors 615 may be
arranged in this way but may be formed of anisotropically
conductive particles (such as conductive in the lengthwise
direction of the band but not in other directions). In this way,
multiple rows may be used without resistance increasing in
one direction and decreasing in another.

[0079] Further, rather than multiple rows of conductors
615 positioned above and below each other along the
lengthwise dimension of the band 602 (and/or in addition to
such), one or more rows of conductors 615 may be posi-
tioned along the widthwise dimension of the band 602.
Resistances, capacitances, and/or other electrical properties
across such series of conductors 615 may be monitored as
discussed in the other examples above.

[0080] Forexample, rather than a single row of conductors
615 positioned along the lengthwise dimension of the band
602, a single row of conductors 615 may be positioned along
the widthwise dimension of the band (perpendicular to the
lengthwise dimension of the band 602). The capacitance
across the conductors 615 may be measured where an
increase indicates tightening of the band 602 and a decrease
indicates loosening of the band 602.

[0081] Various configurations of conductors 615 are pos-
sible and contemplated without departing from the scope of
the present disclosure. Further, various electrical properties
of the conductors 615 may be monitored and correlated to
tightness of the band 602. For example, in some implemen-
tations both capacitance and resistance may be measured.
[0082] FIG. 7 depicts another example in accordance with
further embodiments where the tightness sensor includes a
pressure sensor 719 (such as a barometric pressure sensor)
positioned in an air bladder 718 (or other cavity) formed by
walls 716 and a surface 717. The pressure sensor 719 may
transmit signals to the processing unit 707 via the flex circuit
705 and/or other electrical connection and printed circuit
board 706 indicating a pressure (such as barometric pres-
sure) in the air bladder 718. The processing unit 707 may
correlate the pressure to a tightness of the band 702.
[0083] For example, tightening of the band 702 may
increase the force exerted between the user’s body part and
the surface 717. This may increase the pressure in the air
bladder 718. Conversely, loosening of the band 702 may
decrease the force exerted between the user’s body part and
the surface 717. This may decrease the pressure in the air
bladder 718. Changes in pressure in the air bladder 718 may
be indicated in the signals transmitted to the processing unit
707.

[0084] Insome implementations, one or more components
may be coupled to the first band segment 703A and/or the
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housing 701 that are operable to fill and/or empty the air
bladder 718. For example, such a component may include an
air compressor, a compressed air cartridge, a valve, and so
on.

[0085] FIG. 8 depicts another example in accordance with
further embodiments where the tightness sensor includes a
sensor 821 coupled to the first band segment 803A that
detects vibrations produced by an actuator 820 disposed on
and/or within the housing 801. The signal received by the
processing unit 807 via the printed circuit board 806 and the
flex circuit 805 and/or other electrical connection may
indicate the vibrations received by the sensor 821. The
processing unit 807 may correlate the signal to a tightness of
the band 802.

[0086] The vibrations may travel along and/or through 823
in the first band segment 803 A and/or through 822 the body
part of the user 824 (such as the user’s wrist). Variables
involved in the vibrations that are received (such as time,
phase shift, dampening, frequency, amplitude, and so on)
may be influenced by the tightness of the band 802 and may
indicate how tight or loose the band 802 is. As such, the
processing unit 807 may analyze the data regarding the
received vibrations and correlate the data to a tightness of
the band 802.

[0087] By way of contrast. FIG. 9 depicts an example
where the tightness sensor includes an ultrasonic receiver
925 coupled to the first band segment 903A that detects
ultrasonic signals produced by an ultrasonic transmitter 926
disposed on and/or within the housing 901. The signal
received by the processing unit 907 via the printed circuit
board 906 and the flex circuit 905 and/or other electrical
connection may indicate the vibrations received by the
ultrasonic receiver 925. The processing unit 907 may cor-
relate the signal to the tightness of the band §02.

[0088] The ultrasonic signals may travel through 927 the
body part of the user 924. Variables involved in the ultra-
sonic signals that are received (such as time, phase shift,
dampening, frequency, amplitude, and so on) may be influ-
enced by the tightness of the band 902 and may indicate how
tight or loose the band 902 is. As such, the processing unit
907 may analyze the data regarding the received ultrasonic
signals and correlate the data 1o a tightness of the band 902.
[0089] However, it is understood that this is an example.
In various implementations, sound waves other than ultra-
sonic signals may be used without departing from the scope
of the present disclosure.

[0090] FIG. 10 depicts another example in accordance
with further embodiments where the tightness sensor
includes a microphone 1028 or other sound wave detector
positioned in the first band segment 1003 A. The microphone
1028 may receive sound waves produced by relative move-
ment of the band 602 and the body part of the user. The
microphone 1028 may transmit signals regarding received
sound waves to the processing unit 1007 via the printed
circuit board 1006 and the flex circuit 1005 and/or other
electrical connection. The processing unit 1007 may analyze
the data regarding sound waves in the signal to determine the
tightness of the band 1002.

[0091] The sound waves may indicate the tightness of the
band 1002. For example, the looser the band 1002, the more
the band 1002 may be able to move with respect to the user’s
body part. As such, more sound waves may be produced and
detected by the microphone 1028. Conversely, the tighter the
band 1002, the less the band 1002 may be able to move with
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respect to the user’s body part. As such, fewer sound waves
may be produced and detected by the microphone 1028. The
processing unit 1007 may correlate the data regarding sound
waves in the signal to a tightness of the band 1002.
[0092] Alternatively or additionally, sound waves may
produced by a speaker 1029 included in the housing 1001.
The microphone 1028 may receive such sound waves and
transmit signals regarding such to the processing unit 1007.
The microphone’s 1028 receipt of the sound waves pro-
duced by the speaker 1029 may be variously dampened by
the tightness of the band 1002.

[0093] For example, the tighter the band 1002, the more
dampened the received sound waves may be compared to
the sound waves produced. Conversely, the looser the band
1002, the less dampened the received sound waves may be
compared to the sound waves produced. The processing umit
1007 may correlate the data in the signal regarding the sound
waves received versus the sound waves produced to deter-
mine the tightness of the band 1002.

[0094] Although FIGS. 1-10 are illustrated and described
as including tightness sensors coupled to the first band
segments 103A-1003A, it is understood that these are
examples. In various implementations, tightness sensors
may be otherwise positioned.

[0095] For example, FIG. 11 depicts an example tightness
sensor including a sensor 1130 disposed in the housing 1101
instead of coupled to the fist band segment 1103A that
detects vibrations produced by an actuator 1120. The signal
received by the processing unit 1107 via the printed circuit
board 1106 may indicate the vibrations received by the
sensor 1130. The processing unit 1107 may correlate the
signal to the tightness of the band 1102. Variables involved
in the vibrations that are received (such as time, phase shift,
dampening, frequency, amplitude, and so on) may be influ-
enced by the tightness of the band 1102 based on how much
the housing 1101 may move in response to the vibrations and
may indicate how tight or loose the band 1102 is. As such,
the processing unit 1107 may analyze the data regarding the
received vibrations and correlate the data to a tightness of
the band 1102.

[0096] By way of another example, FIG. 12 depicts an
example tightness sensor including force or pressure sensors
1231A and 1231B disposed on a surface of the sensor plate
1211 coupled to the housing 1201. The amount of force
exerted between a user’s body part and the force or pressure
sensors 1231A and 1231B may be related to the tightness of
the band 1202. As such, the processing unit 1207 may
receive signals from the force or pressure sensors 1231A and
1231B related to the exerted force via the printed circuit
board 1206 and the flex circuit 1205 and/or other electrical
connections. The processing unit 1207 may correlate data in
the signals related to the exerted force to determine the
tightness of the band 1202.

[0097] The force determined by the processing unit 1207
by analyzing signals may be a non-binary value. The pro-
cessing unit 1207 may analyze the signals to determine
forces across a range of force values as opposed to detecting
that a threshold amount of force is exerted. The processing
unit may analyze force signals to correlate data in the signals
to an amount of force applied out of a range of possible
forces.

[0098] Although FIG. 12 illustrates force or pressure sen-
sors 1231A and 1231B disposed on a surface of the sensor
plate 1211, it is understood that this is an example. Various
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numbers of force or pressure sensors 1231A and 1231B
and/or other force or pressure sensors may be variously
disposed without departing from the scope of the present
disclosure. For example, a set of contact force sensors
(which may be any kind of contact force sensors) on an inner
surface of the band 1202 that faces the user’s body part
without departing from the scope of the present disclosure.
[0099] By way of still another example, FIG. 13 depicts an
example tightness sensor including a force sensor having
first and second capacitive plates 1333 and 1334 disposed
between the sensor plate 1311 and the housing 1301. The
amount of force exerted between a user’s body part and the
sensor plate 1311 may be related to the tightness of the band
1302. As such, the processing unit 1307 may receive signals
via the printed circuit board 1306 and the flex circuit 1335
and/or other electrical connections related to the exerted
force. The processing unit 1307 may correlate data in the
signals related to the exerted force to determine the tightness
of the band 1302.

[0100] The first and second capacitive plates 1333 and
1334 may be operable to change proximity with respect to
each other. The first and second capacitive plates 1333 and
1334 may be coupled to each other and to the housing 1301
and the sensor plate 1311, respectively, via adhesive 1310.
Tightening of the band 1302 may exert force between the
user’s body part and the sensor plate 1311, compressing the
adhesive 1310 between the first and second capacitive plates
1333 and 1334 and allowing the first and second capacitive
plates 1333 and 1334 to become more proximate to each
other. Conversely, loosing of the band 1302 may allow the
first and second capacitive plates 1333 and 1334 to move
further apart. The capacitance between the first and second
capacitive plates 1333 and 1334 may change as the prox-
imity of the first and second capacitive plates 1333 and 1334
changes. The processing unit 1307 may correlate the capaci-
tance to a tightness of the band 1302.

[0101] Although the above examples are illustrated and
described in the context of attachment mechanisms such as
bands for attaching wearable electronic devices to body
parts of users, it is understood that this is an example. In
various implementations, the disclosed techniques may be
used to determine tightness of attachment mechanisms that
attach electronic devices to other objects, such as a mounting
apparatus operable to mount a display device to a car dash
board.

[0102] FIG. 14 depicts a flow chart illustrating an example
method 1400 for using a band tightness sensor with a health
sensor. The method 1400 may be performed by one or more
of the wearable electronic devices of FIGS. 1A-13.

[0103] At 1410, a signal may be received from a tightness
sensor. The tightness sensor may be coupled to the band of
a wearable electronic device that is operable to couple the
wearable electronic device to the body part of a user. The
signal may include data indicative of a tightness of the band.
[0104] At 1420, a tightness of the band may be determined
based on the signal. A processing unit may correlate data in
the signal to band tightness.

[0105] At 1430, the determined tightness may be evalu-
ated according to operational tolerances of a health sensor.
For example, if the determined tightness is outside an
operational range of the health sensor for optimal or accurate
health sensor operation, instructions to adjust the band may
be output to a user. By way of another example, the
determined tightness may indicate changes in tightness
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caused by user body part movement that may be interpreted
by the health sensor as indicative of other health information
related to the user’s body part. In such an example, the
processing unit may use the determined tightness to screen
out erroneous data from health information determinations.
[0106] Although the example method 1400 is illustrated
and described as including particular operations performed
in a particular order, it is understood that this is an example.
In various implementations, various orders of the same,
similar, and/or different operations may be performed with-
out departing from the scope of the present disclosure.
[0107] For example, the example method 1400 is
described as receiving the signal from a tightness sensor
coupled to a band of a wearable electronic device. However,
in various implementations, the tightness sensor may be
otherwise coupled. For example, the tightness sensor may be
coupled to a housing or main body of the wearable electronic
device without departing from the scope of the present
disclosure.

[0108] FIG. 15 depicts a flow chart illustrating an example
method 1500 for directing a user to adjust band tightness.
The method 1500 may be performed by one or more of the
wearable electronic devices of FIGS. 1A-13.

[0109] At 1510, a signal may be received from a tightness
sensor. The tightness sensor may be coupled to the band of
a wearable electronic device that is operable to couple the
wearable electronic device to the body part of a user. The
signal may include data indicative of a tightness of the band.
At 1520, a tightness of the band may be determined based
on the signal. A processing unit may correlate data in the
signal to a band tightness.

[0110] At 1530, it may be determined whether or not the
determined tightness of the band is within a range of
tightness values. The range of tightness values may be a
range of band tightnesses within which a health sensor
accurately or optimally operates. For example, the range of
tightness values may be a range of tightnesses that are
defined as not too tight and not too loose. If the tightness is
not outside the range of tightness values, the flow may return
to 1510 where the signal continues to be received. Other-
wise, the flow may proceed to 1540.

[0111] At 1540, adjustment direction output may be pro-
vided. The adjustment direction output may include a visual
output, an audio output, a haptic output such as vibrations,
a combination of various outputs, and so on. In some
examples, the output may indicate that the band tightness is
outside the range of tightness values and should be adjusted
to improve health sensor operation. In other examples, the
output may specify whether the band should be tightened or
loosened. In various examples, the adjustment direction
output may be transmitted to one or more other electronic
devices.

[0112] Although the example method 1500 is illustrated
and described as including particular operations performed
in a particular order, it is understood that this is an example.
In various implementations, various orders of the same,
similar, and/or different operations may be performed with-
out departing from the scope of the present disclosure.
[0113] For example, the example method 1500 is illus-
trated and described as providing adjustment direction out-
put. However, in various implementations, the band may
include one or more tightness adjustment mechanisms con-
trollable by the processing unit, such as a memory wire that
is operable to tighten and/or loosen the band under the
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application of electrical current. In such an implementation,
the processing unit may control the tightness adjustment
mechanism to adjust tightness of the band to be within the
range of tightness values rather than instructing a user to
adjust the band.

[0114] FIG. 16 depicts a flow chart illustrating an example
method 1600 for adjusting a health sensor measurement
based on band tightness. The method 1600 may be per-
formed by one or more of the wearable electronic devices of
FIGS. 1A-13.

[0115] At 1610, a signal may be received from a tightness
sensor. The tightness sensor may be coupled to the band of
a wearable electronic device that is operable to couple the
wearable electronic device to the body part of a user. The
signal may include data indicative of a tightness of the band.
At 1620, a tightness of the band may be determined based
on the signal. A processing unit may correlate data in the
signal to a tightness of the band.

[0116] At 1630, the determined tightness may be moni-
tored for changes. For example, the determined tightness
may be compared to the previous determined tightness, or to
a sequence of previous determined tightnesses, to determine
whether or not the determined tightness has changed. The
determined tightness may have changed if the band became
tighter or looser since a previous determined tightness.
[0117] At 1640, it may be determined whether or not the
determined tightness has changed. If not, the flow may
return to 1610 where the signal continues to be received.
Otherwise, the flow may proceed to 1650.

[0118] At 1650, measurements obtained from a health
sensor may be adjusted based on the determined changes.
For example, changes in tightness may be caused by user
body part movement and may be interpreted by the health
sensor as indicative of other health information related to the
user’s body part. In such an example, the determined tight-
ness changes may be used to screen out erroneous data from
health information determinations.

[0119] By way of another example, a health sensor may
not obtain accurate measurement when the user’s body part
is moving. In such an example, any health sensor measure-
ments obtained when the tightness was determined to have
changed may be disregarded in favor of measurements
obtained when the tightness was not determined to have
changed. This may result in more accurate determinations
based measurements from the health sensor.

[0120] Although the example method 1600 is illustrated
and described as including particular operations performed
in a particular order, it is understood that this is an example.
In various implementations, various orders of the same,
similar, and/or different operations may be performed with-
out departing from the scope of the present disclosure.
[0121] For example, the example method 1600 is illus-
trated and described as adjusting measurements obtained
from the health sensor based on changes in band tightness.
However, in some implementations, measurements obtained
from a health sensor may be scaled and/or otherwise
adjusted based on determined band tightness without regard
to whether or not the tightness of the band is determined to
change over time.

[0122] By way of another example, the example method
1600 is illustrated and described as being performed con-
tinuously. However, in various implementations, one or
more portions of the method may be performed at various
times, intervals, and so on. For example, in some imple-
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mentations, the example method 1600 may be performed
when the health sensor is operating. In other implementa-
tions, the example method 1600 may be performed at
particular specified times or intervals (which may be user
specified). In still other implementations, the example
method 1600 may be performed in response to user input
indicating to perform the example method 1600.

[0123] FIG. 17 shows a block diagram illustrating
example components that may be utilized in the wearable
electronic device 100 of FIGS. 1A-1B and example func-
tional relationships of those components. The wearable
electronic device 100 may include one or more processing
units 1751, tightness sensors 1752 (such as those discussed
above), storage media 1753 (such as a magnetic storage
medium, an optical storage medium, a magneto-optical
storage medium, a read only memory, a random access
memory, an erasable programmable memory, and so on),
one or more other sensors 1754 (such as one or more health
sensors, accelerometers, gyroscopes, light sensors, cameras,
proximity sensors, touch sensors, and so on), one or more
input/output devices 1755 (such as one or more displays,
speakers, haptic devices, and so on), communication com-
ponent 1756, and/or other components. The processing unit
1751 may execute instructions stored in the storage media
1753 in order to perform various operations discussed
above.

[0124] For example, the processing unit 1751 may receive
health data from a health sensor 1754 and may store such
health data in the storage media 1754. By way of another
example, the processing unit 1751 may receive signals from
the tightness sensor(s) 1752 and may utilize lookup tables
stored in the storage media 1754 to correlate signals to the
tightnesses of a band, adjust a measurement obtained from
a health sensor, evaluate the signal for changes in the
tightness of the band according to operational tolerances of
the health sensor that relate to the tightness of the band
(which may be stored in the storage media 1754), and so on.
The processing unit 1751 may store data regarding such
signals, determined tightnesses, history of determined tight-
nesses, operational tolerances of the health sensor, and so on
in the storage media 1754. In examples where the processing
unit 1751 determines the tightness of a band, the processing
unit 1751 may compare the determined tightness of the band
to tightness ranges stored in the storage media 1754 to
determine whether or not the determined tightness is within
such a range of tightness values. The processing unit 1751
may also provide output (such as a visual output, an audio
output, a haptic output, a combination of various outputs,
and so on) to a user via the input/output devices 1755 to
adjust the band (such as to improve operation of a health
sensor).

[0125] The wearable electronic device 100 may commu-
nicate with one or more other electronic devices, such as the
electronic device 1750, via the communication component
1756 over one or more wired and/or wireless communica-
tion connections. Similar to the wearable electronic device
100, the electronic device 1750 may include one or more
communication components 1757, processing units 1758,
storage media 1759, and/or other components. In various
examples, the wearable electronic device 100 may transmit
data and/or notifications regarding data to the electronic
device 1750 via the communication components 1756 and
1757, such as the above discussed health data, signals,
output directed to adjust band tightness, determined band
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tightnesses, history of determined tightnesses, operational
tolerances of the health sensor, and so on. The processing
unit 1758 may store such data or notifications in the storage
media 159.

[0126] Alternatively and/or additionally, in some
examples, the wearable electronic device 100 and the elec-
tronic device 1750 may be configured in a cooperative
computing arrangement. As such, the electronic device 1750
may utilize the processing unit 1758 to process the data in
one or more of the various ways the processing unit 1751 is
described processing such data above. For example, the
processing unit 1758 may process received health data to
determine health information for a user of the wearable
electronic device 100. By way of another example, the
storage media 1759 may store one or more lookup tables
described above, operational tolerances of the health sensor,
and/or other information. As such, the processing unit 1758
may receive signals and utilize the lookup tables to correlate
signals to the tightnesses of a band, adjust a measurement
obtained from a health sensor, evaluate the signal for
changes in the tightness of the band according to operational
tolerances of the health sensor that relate to the tightness of
the band, and so on. The processing unit 1758 may store the
results of such determinations in the storage media 1759,
transmit such results to the wearable electronic device 100,
and/or perform various other operations

[0127] As described above and illustrated in the accom-
panying figures, the present disclosure relates to sensing the
tightness of a band attaching a wearable electronic device to
auser’s body part. A wearable electronic device may include
a housing having a processing unit and a health sensor, a
band operable to couple the housing to a body part of a user,
and a tightness sensor coupled to the band that produces a
signal indicative of a tightness of the band on the user’s body
part. The processing unit may determine a tightness of the
band based on the signal and perform various operations
based thereon. For example, the processing unit may evalu-
ate the signal for changes in the tightness of the band
according to operational tolerances of the health sensor that
relate to the tightness of the band. By way of another
example, the processing unit may provide output directing
the user to adjust the band to improve operation of the health
sensor if the tightness of the band is outside a range of
tightness values. By way of still another example, the
processing unit may monitor changes in tightness of the
band and adjust a measurement obtained by the health
sensor to account for movement of the body part.

[0128] In the present disclosure, the methods disclosed
may be implemented as sets of instructions or software
readable by a device. Further, it is understood that the
specific order or hierarchy of steps in the methods disclosed
are examples of sample approaches. In other embodiments,
the specific order or hierarchy of steps in the method can be
rearranged while remaining within the disclosed subject
matter. The accompanying method claims present elements
of the various steps in a sample order, and are not necessarily
meant to be limited to the specific order or hierarchy
presented.

[0129] The described disclosure may be provided as a
computer program product, or software, that may include a
non-transitory machine-readable medium having stored
thereon instructions, which may be used to program a
computer system (or other electronic devices) to perform a
process according to the present disclosure. A non-transitory
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machine-readable medium includes any mechanism for stor-
ing information in a form (e.g., software, processing appli-
cation) readable by a machine (e.g., a computer). The
non-transitory machine-readable medium may take the form
of, but is not limited to, a magnetic storage medium (e.g,,
floppy diskette, video cassette, and so on); optical storage
medium (e.g., CD-ROM); magneto-optical storage medium;
read only memory (ROM); random access memory (RAM);
erasable programmable memory (e.g., EPROM and
EEPROM); flash memory; and so on.

[0130] The foregoing description, for purposes of expla-
nation, used specific nomenclature to provide a thorough
understanding of the described embodiments. However, it
will be apparent to one skilled in the art that the specific
details are not required in order to practice the described
embodiments. Thus, the foregoing descriptions of the spe-
cific embodiments described herein are presented for pur-
poses of illustration and description. They are not targeted to
be exhaustive or to limit the embodiments to the precise
forms disclosed. It will be apparent to one of ordinary skill
in the art that many modifications and variations are possible
in view of the above teachings.

1. A wearable device, comprising:

a housing including a processing unit and a health sensor;

a band operable to couple the housing to a body part of a

user; and

a tightness sensor, coupled to the band and communicably

coupled to the processing unit, comprising a strain
gauge that produces a signal indicating a tightness of
the band;

wherein the processing unit is configured to:

determine the tightness of the band using the signal; and

if the tightness of the band is outside a range of tightness

values, provide output directing the user to adjust the
band to improve operation of the health sensor.

2-5. (canceled)

6. The wearable device of claim 1, wherein the strain
gauge is positioned in the band along a lengthwise dimen-
sion of the band.

7. The wearable device of claim [[5]]1, wherein the strain
gauge is positioned in a portion of the band where the band
attaches to the housing and is disposed perpendicular to a
direction of the attachment.

8. A wearable device, comprising:

a housing including a processing unit and a health sensor;

a band operable to couple the housing to a body part of a

user; and

a tightness sensor, coupled to the band and communicably

coupled to the processing unit, that produces a signal
indicating a tightness of the band;

wherein the processing unit is configured to:

monitor changes in the tightness of the band using the

signal; and

adjust a measurement obtained by the health sensor using

the changes in the tightness of the band to account for
movement of the body part; wherein:

the tightness sensor comprises a strain gauge.

9-14. (canceled)

15. A wearable device, comprising:

a housing including a processing unit and a health sensor;

a band operable to couple the housing to a body part of a

user; and
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a strain gauge, coupled to the band and communicably
coupled to the processing unit, that produces a signal
indicating a tightness of the band;

wherein the processing unit evaluates the signal for
changes in the tightness of the band according to
operational tolerances of the health sensor that relate to
the tightness of the band.

16-20. (canceled)

21. The wearable device of claim 1, wherein the strain
gauge is operative to measure strain experienced in a length-
wise direction of the band.

22. The wearable device of claim 1, wherein the strain
gauge is operative to measure strain experienced in a width-
wise direction of the band.

23. The wearable device of claim 1, wherein the strain
gauge is embedded in the band.

24. The wearable device of claim 1, wherein the process-
ing unit determines the band is too tight.

25. The wearable device of claim 8, wherein the strain
gauge measures strain in multiple directions.

26. The wearable device of claim 25, wherein the pro-
cessing unit uses the strain in the multiple directions mea-
sured by the strain gauge to screen out erroneous strain data.

27. The wearable device of claim 26, wherein the erro-
neous strain data relates to temperature variation in the band.

May 16, 2019

28. The wearable device of claim 8, wherein the strain
gauge comptrises:

a first strain gauge disposed on a top surface of the band,

and

a second strain gauge disposed on a bottom surface of the

band.

29. The wearable device of claim 8, wherein the process-
ing unit screens out the changes in the tightness of the band
from the measurement.

30. The wearable device of claim 8, wherein.

31. The wearable device of claim 15, wherein the pro-
cessing unit determines strain data from the strain gauge
relates to bending of the band instead of the tightness.

32. The wearable device of claim 31, wherein the pro-
cessing unit disregards the strain data that relates to the
bending.

33. The wearable device of claim 15, wherein the strain
gauge is disposed in a portion of the band that couples to the
housing.

34. The wearable device of claim 15, further comprising
atab coupled to the band that engages a recess defined by the
housing; wherein:

the strain gauge is positioned on the tab.

* ok %k
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