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APPARATUS FOR SENSING USER INPUT

FIELD

[0001] The present specification is related to sensing user input to a device.

BACKGROUND
[0002] Consumer electronic devices sometimes include buttons that protrude from an
outer or exterior surface of a housing of the electronic device. In general, the buttons are
used as physical inputs to cause changes to device functions, such as volume control,
display activation/deactivation, switching to/from vibrate mode, etc. The buttons are
typically positioned on the sides of electronic devices such as smartphones, mobile cellular
devices, tablet computers, notebook computers, desktop computer, Google Chromecast
devices, Google home. Current design practices relative to electronic devices include
reducing the quantity of buttons that protrude from the exterior surfaces of the device

housing.

SUMMARY

[0003] An apparatus for sensing user input to an electronic device is described. The
apparatus utilizes multiple strain gauge (SG) sensing units which are each disposed
adjacent an inner surface of the device housing. The SG sensing units sense a particular
type of user input to the device based on at least one of: the magnitude of applied strain,
the relative location of the applied strain, and the duration of the applied strain. The sensing
units can be arranged in particular configurations to sense applied strain along, for example,
a lengthwise dimension of the device and/or a widthwise dimension of the device. Hence,
the described sensing apparatus provides an approach for receiving user input to an
electronic device while also replacing physical buttons that protrude above an exterior
surface of the device.

[0004] In one innovative aspect of the specification, an apparatus for sensing user input
provided on an exterior surface of an electronic device is described. The apparatus includes
a first strain gauge grouping attached to an inner surface of a housing of the electronic
device and a second strain gauge grouping attached to the inner surface of the housing of
the electronic device. The apparatus further includes an electronic circuit electrically

coupled to the first
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[0005] strain gauge grouping and the second strain gauge grouping, the electronic
circuit configured to: (1) receive a first parameter signal from the first strain gauge grouping
in response to user input that interacts with the housing over a location of the first strain
gauge grouping,
(1) indicate that a first type of user input has been received in response to receipt of the
first parameter signal, (iii) receive a second parameter signal from the second strain gauge
grouping in response to user input that interacts with the housing over a location of the
second strain gauge grouping, and (iv) indicate that a second type of user input has been
received in response to receipt of the second parameter signal.

[0006] In some implementations, the first strain gauge grouping includes: a first strain
gauge set of multiple strain gauges that indicates a first voltage value when voltage is
applied to the first strain gauge set of multiple strain gauges; a second strain gauge set of
multiple strain gauges that indicates a second voltage value when voltage is applied to the
second strain gauge set of multiple strain gauges; and wherein the first voltage value and
the second voltage value are indicated concurrently in response to the user input that
interacts with the housing over the location of the first strain gauge grouping. In
some implementations, the electronic circuit determines a differential voltage value in
response to receiving the first parameter signal corresponding to the first type of user input,
the differential voltage value corresponding to a difference between the first voltage value
of the first strain gauge set and the second voltage value of the second strain gauge set.
[0007] In some implementations, the second strain gauge grouping includes: a first
strain gauge set of multiple strain gauges that indicates a first voltage value when voltage
is applied to the first strain gauge set of multiple strain gauges; a second strain gauge set of
multiple strain gauges that indicates a second voltage value when voltage is applied to the
second strain gauge set of multiple strain gauges; and wherein the first voltage value and
the second voltage value are indicated concurrently in response to the user input that
interacts with the housing over the location of the second strain gauge grouping. In some
implementations, the electronic circuit determines a differential voltage value in response
to receiving the second parameter signal corresponding to the second type of user input,
the differential voltage value corresponding to a difference between the first voltage value
of the first strain gauge set and the second voltage value of the second strain gauge set.
[0008] In some implementations, at least one of the first or second strain gauge
groupings includes multiple strain gauge sets, each strain gauge set including at least two

strain gauges. Generally, the first strain gauge grouping may include at least a first strain
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gauge having a first orientation and a second strain gauge having a second orientation that
differs from the first orientation. Likewise, the second strain gauge grouping may include
at least a first strain gauge having a first orientation and a second strain gauge having a
second orientation that differs from the first orientation.

[0009] In some implementations, the apparatus further includes a third strain gauge
grouping, which may be attached to the inner surface of the housing of the electronic device
as well. In such an implementation, the third strain gauge grouping may include at least a
first strain gauge having a first orientation and a second strain gauge having a second
orientation that differs from the first orientation. In some implementations, the first strain
gauge grouping, the second strain gauge grouping, and the third strain gauge grouping, of
an apparatus, are attached longitudinally along the inner surface of the housing, e.g., by
way of an adhesive material. In some implementations, the first strain gauge grouping is
configured to allow the electronic device to sense user input to the electronic device, the
sensed user input being of a plurality of different types.

[0010] In some implementations, the first strain gauge grouping interacts with the
second strain gauge grouping to allow the electronic device to sense user input
corresponding to at least one of: a particular magnitude of physical force applied to the
outer surface of the housing; a particular time period associated with physical force applied
to the outer surface of the housing; and a particular magnitude of physical force that is
applied to the outer surface of the housing for a particular time period.

[0011] In some implementations, the first strain gauge grouping cooperates with the
electronic circuit to form a resistor bridge that indicates a parameter signal associated with
changes in a resistance attribute of the first strain gauge grouping, the changes occurring
based on a particular type of user input. In some implementations, the second strain gauge
grouping cooperates with the electronic circuit to form a resistor bridge that indicates a
parameter signal associated with changes in a resistance attribute of the second strain gauge
grouping, the changes occurring based on a particular type of user input.

[0012] In some implementations, in response to user input detected by one of the first
strain gauge grouping and the second strain gauge grouping, the electronic circuit amplifies
a characteristic of the parameter signal indicated by the resistor bridge. In some
implementations, the resistor bridge includes: (i) a first strain gauge set of multiple strain
gauges that includes a first strain gauge affixed in a first orientation, and (ii) a second strain
gauge set of multiple strain gauges that includes a second strain gauge affixed in a second

orientation that differs from the first orientation. In some implementations, the first
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orientation and the second orientation are perpendicular to each other. In some
implementations, the parameter signal indicates a differential voltage value, and wherein
the resistance attribute changes in response to tension applied concurrently to each of the
first strain gauge of the resistor bridge and the second strain gauge of the resistor bridge.
[0013] In one innovative aspect of the specification, an apparatus for sensing user input
provided on an area of a device is described. The apparatus includes a first strain gauge
grouping configured to be attached to a first surface, the first strain gauge grouping
including a first strain gauge having a first orientation and a second strain gauge having a
second orientation that differs from the first orientation. The apparatus further includes a
second strain gauge grouping configured to be attached to the surface, the second strain
gauge grouping including a first strain gauge having a first orientation and a second strain
gauge having a second orientation that differs from the first orientation. The apparatus
further includes a third strain gauge grouping configured to be attached to the surface, the
third strain gauge grouping including a first strain gauge having a first orientation and a
second strain gauge having a second orientation that differs from the first orientation. Each
strain gauge grouping is configured to couple to an electrical conductor, the electrical
conductor being configured to provide parameter signals to an electronic circuit that detects
user input of a particular type in response to a user interacting with an area of the device.
[0014] In some implementations, the first strain gauge grouping interacts with at least
the second strain gauge grouping to allow the device to sense user input corresponding to
at least one of’ a particular magnitude of physical force applied to the surface; a particular
time period associated with physical force applied to the surface; and a particular magnitude
of physical force that is applied to the surface for a particular time period. In some
implementations, the first strain gauge grouping cooperates with the electronic circuit to
form a resistor bridge that indicates a parameter signal associated with changes in a
resistance attribute of the first strain gauge grouping, the changes occurring based on a
particular type of user input. In some implementations, the resistor bridge includes a first
strain gauge set that includes a first strain gauge affixed in a first orientation and a second
strain gauge set that includes a second strain gauge affixed in a second orientation that
differs from the first orientation.

[0015] In some implementations, each strain gauge grouping includes: a first strain
gauge set configured to indicate a first voltage value; a second strain gauge set configured
to indicate a second voltage value; and wherein the first voltage value and the second

voltage value are indicated concurrently in response to the user interacting with an area of
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the device. In some implementations, the first, second, and third strain gauge groupings are
each attached to the surface by way of an adhesive material and in a parallel configuration,
the surface corresponding to the surface of a plate.

[0016] The subject matter described in this specification can be implemented in
particular embodiments and can result in one or more of the following advantages. The
apparatus of this specification allows device manufacturers to produce electronic devices
that have a reduced quantity of buttons protruding from an exterior surface of the device
housing. More particularly, reducing the number of buttons can minimize steps required
during execution of manufacturing and/or machining operations when producing device
housings in substantial volumes. Furthermore, use of the strain gauge sensing units
described in this specification can reduce the amount circuit components (wires, capacitors,
etc.) and reduce power consumption typically required to enable sensing functions provided
by mechanical buttons.

[0017] The details of one or more implementations of the subject matter described in
this specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter will become apparent from

the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 illustrates diagrams associated with an apparatus for sensing user input
to an example electronic device.
[0019] FIG. 2 illustrates diagrams that include multiple strain gauges that can be used
in the apparatus of FIG. 1.
[0020] FIG. 3 illustrates diagrams that include resistor configurations and an example
bridge circuit that can be implemented to sense user input to an electronic device.
[0021] FIG. 4 illustrates a diagram of multiple strain gauge sensors and corresponding
graphical data associated with individual sensor measurements.
[0022] Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION
[0023] An apparatus for sensing user input to an electronic device is described. The
apparatus utilizes multiple strain gauge (SG) sensing units which are each disposed

adjacent an inner surface of a housing of the electronic device. The apparatus includes an
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electronic circuit that electrically couples to each SG sensing unit. The electronic circuit is
generally configured to receive parameter signals in response to user input that interacts
with the housing.

[0024] User input to the device can include strain applied to an area of the outer surface
of the housing. The area can be either adjacent to, or substantially adjacent to, a particular
SG sensing unit that is affixed to an inner surface of the housing on the other side of a
housing wall that defines the inner and outer surfaces. In response to the applied strain, the
SG sensing unit senses a particular type of user input to the device based on at least one of:
amagnitude of the applied strain, the relative location and of the applied strain, or a duration
of the applied strain.

[0025] In general, each SG sensing unit includes multiple individual strain gauges that
each have a particular resistance attribute. The SGs can be arranged in a particular
configuration to form a single SG sensing unit and each SG sensing unit can receive a
voltage signal of a predefined voltage value. One or more output voltage signals received
from each SG sensing unit are then measured by the electronic circuit and then converted
into an example parameter signal. The output voltage signals are measured to detect any
shifts or changes to the corresponding voltage value of the applied signal.

[0026] Applied strain to the outer surface of the housing can cause slight physical
changes (e.g., expansion or contraction) to at least one SG of a SG sensing unit. The
physical changes can cause a change in a resistance attribute of a SG. The change in the
resistance attribute causes a corresponding change in the measured output voltage value
and, thus, indicates a differential voltage signal that is received and measured by the
electronic circuit. A range of differential output voltage signal values can be mapped to
individual user input types. The mapped values can be used by the electronic device to
detect or determine particular user input types based on a characteristic of the applied strain
and the corresponding signal value caused by the applied strain.

[0027] FIG. 1 depicts diagrams associated with an apparatus 100 for sensing user input
to an example electronic device. Apparatus 100 generally includes a housing 102 that can
later receive multiple electronic components to form user device 104. In general, user
device 104 can include smartphones, mobile devices, cellular devices, smart televisions,
laptop computers, tablet computers, notebook computers, desktop computers, electronic
readers, Google Chromecast devices, Google home or a variety other types of computing

devices or consumer electronic devices.
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[0028] Apparatus 100 further includes coupling plate 106 and multiple (SG) sensing
units 108 (hereinafter “sensing unit 108™). As discussed in more detail below, each sensing
unit 108 can include multiple strain gauges that can form sets of strain gauges that are
arranged in a particular configuration within the unit. As generally shown, housing 102 can
include a housing wall having an outer surface 110 corresponding to a first side of the wall
and an inner surface 112 corresponding to a second side of the wall that is opposite the first
side. Similarly, plate 106 can have a first side 114 and a second side 116 that is opposite
the first side 114.

[0029] In some implementations, plate 106 can include multiple sensing units 108
affixed to first side 114. As shown, plate 106 can be affixed or bonded to inner surface 112
by adhesive 118 that can be disposed generally intermediate second side 116 and housing
wall 103. Plate 106 can be formed from a variety of different materials such as steel,
fiberglass, hardened plastic or other materials having properties that enable plate 106 to be
affixed to wall 103. Adhesive 118 can be any adhesive material or compound such as glue,
epoxy resin, bonding agent, or other materials suitable to securely affix/attach plate 106 to
inner surface 112 of housing wall 103. Additionally, although identified as an adhesive, a
variety of mechanical based fastening means suitable to securely affix/attach or couple
plate 106 to inner surface 112 can also be utilized.

[0030] Housing 102 can receive multiple electronic components to form user device
104, which includes cover glass 120. Hence, apparatus 100 can include an example
electronic circuit 122 that is disposed internally within device 104. Wire(s)/conductor(s)
124 can electrically couple, to circuit 122, one or more strain gauge sets within sensing unit
108. Wires 124 can be electrical conductors (e.g., copper, gold, other conductive elements)
that are used to provide parameter signals to electronic circuit 122 for detecting particular
types of user input that correspond to a user interacting with an area of device 104.

[0031] As discussed in more detail below, an example user can provide a particular
type of user input to device 104 by applying a push force 118 that can vary in push force
magnitude and push force duration and/or frequency. Push force 118 provides a
corresponding strain force that is applied to a particular SG set in respective sensing units
108 affixed to inner surface 112 of housing wall 103. In general, sensing units 108 can be
arranged in particular configurations to sense/detect applied strain along, for example, a
lengthwise (L) dimension of device 104 and/or a widthwise (W) dimension of device 104,
[0032] The applied strain can be detected by a parameter signal received by one or

more components of circuit 122. A value of the detected parameter signal can correspond
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to a particular type of user input. In some implementations, the type of user input can be
viewable via a display device through cover glass 120. Different input types can include,
for example, user input to adjust an audio volume output of user device 104, user input to
activate or deactivate a display device of user device 104, user input to activate or deactivate
a vibrate mode of user device 104, and/or user input to adjust the volume of a ring tone of
user device 104. In alternative implementations, a variety of different user input types can
be detected based, at least in part, on a particular value of the detected parameter signal.
[0033] As an example, apparatus 100 can be used in the following implementation. A
user, Frank, wants to change the volume on a computing device, e.g., Frank’s smartphone.
Apparatus 100 can be implemented within Frank’s smartphone such that sensing units 108
are disposed along, for example, a lengthwise edge of Frank’s smartphone. When Frank
presses a part of the smartphone housing associated with a volume setting a particular strain
gauge within sensing unit 108 is strained.

[0034] In response to the press applied by Frank, a change in a differential voltage
value is detected by an electronic circuit disposed within Frank’s smartphone. The
smartphone can be configured to detect the differential voltage value and associate
particular values with, for example, a volume press because the detected voltage change
exceeds a threshold voltage change. A duration of the voltage change is measured, and the
electronic circuit (which can be part of a microprocessor) outputs a value which indicates
to the microprocessor that it is to change the volume of an audio signal that is being output
by a speaker of Frank’s smartphone.

[0035] FIG. 2 illustrates diagrams that include multiple strain gauge units that can be
used in sensing units 108 of apparatus 100. As shown, the implementation of FIG. 2
includes multiple technical features described above with reference to FIG. 1. In particular,
FIG. 2 illustrates, in part: 1) an isolation (ISO) view that generally depicts multiple
individual sensing units 108 attached to plate 106 that is affixed to inner surface 110 of
housing wall 103; and 2) a cross-section (X-sec) view that depicts plate 106
attached/affixed to inner surface 110 of housing wall 103.

[0036] Each sensing unit 108 can include multiple strain gauge (SG) units 208 that
form sets of strain gauges that are arranged in a particular configuration within sensing unit
108. In some implementations, at least two SGs units 208 can form a SG set 208a/b and
multiple SG sets 208a/b can form a SG grouping 210. When disposed against, or affixed
to, inner surface 110, multiple SG sets 208a/b can be arranged in particular orientations

relative to each other. For example, a first SG set 208a can be arranged in a first orientation
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corresponding to a first dimension so as to detect or measure applied strain along the first
dimension. Likewise, a second SG set 208b can be arranged in a second orientation
corresponding to a second dimension so as to detect or measure applied strain along the
second dimension. The different SG sets 208a/b of a SG grouping 210 may furthermore be
displaced with respect to each other at the inner surface 110.

[0037] In general, the first orientation and the first dimension can be different from the
second orientation and the second dimension. In some implementations, when user device
104 is positioned generally longitudinally upright (e.g., when held by a user), the first
orientation can correspond to a vertical orientation and the first dimension can correspond
to a lengthwise (L) dimension. Further, when in this longitudinally upright position, the
second orientation can correspond to a horizontal orientation and the second dimension can
correspond to a widthwise (W) dimension.

[0038] In the implementation of FIG. 2, when disposed within user device 104, SG
grouping 210 can have a SG set 208a that includes two SGs 208 disposed in a horizontal
orientation (when the device is upright) to measure applied strain to surface 112 in the
widthwise dimension. Moreover, SG grouping 210 can also have a SG set 208b that
includes two SG units 208 disposed in a vertical orientation (when the device is upright) to
measure applied strain in the lengthwise dimension. As shown, SGs 208 of SG grouping
210 can each be arranged in a parallel configuration, relative to each other, and can be
disposed generally along the lengthwise dimension of a wall 103 (e.g., a sidewall) of
housing 102.

[0039] When installed within user device 104, each SG grouping 210 of sensing unit
108 can be used to detect or sense user input in the form of applied force to surface 112.
The applied force can cause SGs 208 to change in electrical characteristics, to cause the
electronic circuit 122 to sense an increased strain. User device 104 can be configured to
recognize the increased strain as corresponding to different user input types such as a user
pushing, swiping, tapping, squeezing or otherwise touching a particular area on a sidewall
wall of user device 104.

[0040] For example, when a user pushes on an edge or sidewall of housing 102 that is
adjacent a SG 208, the housing and plate 106 can bend or flex, causing SG 208 to change
in electrical characteristics (e.g., the resistance of resistors change within a particular strain
gauge), which affects the voltage of an electrical signal applied to the SG 208 and which
causes the electronic circuit 122 (analyzing the electrical signal) to sense an increased strain

along, for example, the lengthwise dimension of device 104. Accordingly, user device 104

9



WO 2018/089073 PCT/US2017/047065

senses a push on the edge of housing 102 and can indicate to the user, via an example
display device (protected by cover glass 120), the particular input type associated with the
user’s push/touch. In some implementations, multiple sensing units 108 can be disposed
or positioned along an edge or sidewall of housing 102 in order to sense or detect the
particular input type and/or the proximate location of the push applied along the length of
device 104. The electronic circuit 122 can analyze the electrical signal that is received from
each of the SG set 208a and SG set 208b.

[0041] As an overview of the terminology used herein, user device 104 may include
multiple sensors or sensing units 108. Each sensing unit 108 may include two strain gauge
sets indicated as features 208a and 208b. As an example, strain gauge set 208a can be
oriented vertically and strain gauge set 208b can be oriented horizontally. Each strain gauge
set 208a or 208b includes two individual strain gauge units 208. More particularly, and
stated another way, each sensing unit 108 includes four strain gauge units 208 or resistors
208 (discussed below with reference to FIG. 3) which form the two strain gauge sets 208a/b
or circuit branches (discussed below with reference to FIG. 3). Reference feature 210 refers
to a strain gauge grouping that includes the four individual strain gauges 208 that
collectively form a single sensor 108.

[0042] FIG. 3 illustrates diagrams that include resistor configurations and an example
bridge circuit 302 that can be used to sense user input to an electronic device. As discussed
above, each sensing unit 108 includes multiple individual SGs 208 that each have a
particular resistance attribute. Hence, as shown in FIG. 3, in alternative implementations
SG 208 can be depicted as one of resistors (R1-R4) that each have a predefined resistance
value or resistance attribute. In particular, sensing unit 108 can be modeled or depicted as
bridge circuit 302 that includes positive (voltage polarity) output 308 and negative (voltage
polarity) output 310.

[0043] As shown, in some implementations, resistor orientation 304 can include
resistors R2 and R4 having a horizontal orientation so as to measure applied strain in the
widthwise (W) dimension, while resistors R1 & R3 (vertical orientation) remain relatively
fixed when strain is applied due to their orientation and, thus, do not measure applied strain.
In contrast, resistor orientation 306 can include resistors R2 and R4 having a vertical
orientation so as to measure applied strain in the lengthwise (L) dimension while resistors
R1 & R3 (horizontal orientation) remain relatively fixed when strain is applied due to their

orientation and, thus, do not measure applied strain.
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[0044] In general, when a particular set of resistors are disposed perpendicular to a
particular strain direction, that particular resistor set will generally not measure strain
associated with that particular strain direction. For example, as shown in resistor
orientation 304, for a strain force applied in the widthwise (W) dimension/direction, SG set
208a is perpendicular to the strain direction and, thus, will generally not measure applied
strain. However, SG set 208b is parallel to the strain direction and will measure applied
strain. Further, as shown in resistor orientation 306, for a strain force applied in the
lengthwise (L) dimension/direction, SG set 208b is perpendicular to the strain direction
and, thus, will generally not measure applied strain. However, SG set 208a is parallel to the
strain direction and will measure applied strain.

[0045] In general, bridge circuit 302 includes two branches. A first branch is indicated
by R1 & R3 and the output node (for output 308) intermediate R1 & R3. A second branch
is indicated by R2 & R4 and the output node (for output 310) intermediate R2 & R4. Bridge
circuit 302 can receive an applied voltage (VCC). Electronic circuit 122 can receive or
detect a differential voltage signal 312 in response to a change in the resistance attribute of
any one of resistors R1-R4. In some implementations, circuit 122 provides the VCC
voltage signal and can then execute a basic comparator circuit to analyze signal 312 relative
to the VCC signal. The analysis can enable circuit 122 to detect or determine the extent to
which the measured value of signal 312 indicates a deviation from the initially applied VCC
voltage value.

[0046] During operation, and when disposed along inner surface 110 within user device
104, sensing unit 108 can detect applied strain in response to a touch force that is applied
to a certain location of housing wall 103 (e.g., an edge/sidewall of user device 104). For
example, and as noted above, user input in the form of applied strain to the edge of device
104 can cause parameter signals to be received by electronic circuit 122. The parameter
signals can be received in response to user input detected by sensing unit 108, e.g., SG
grouping 210, and can indicate a user input of a particular type, e.g., volume adjustment,
activate vibrate mode, etc. Hence, detection of the user input can cause a corresponding
response from device 104, e.g., indication on the display device associated with a volume
level increasing or decreasing.

[0047] For example, and with reference to bridge circuit 302, sensing unit 108 can
include SG set 208a (resistors R1 & R3) that indicates a parameter signal having a first
voltage value (via output node 308). Sensing unit 108 can further include SG set 208b

(resistors R2 & R4) that indicates a parameter signal having a second voltage value (via
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output node 310). The first voltage value and the second voltage value can be indicated
concurrently in response to the user input of a particular type that causes a particular
corresponding response from user device 104.

[0048] In some examples, applied strain in the W-dimension can cause physical
changes to SG set 208b that in turn causes the resistance attribute of resistors R2 & R4,
measured in ohms, to change (either increase or decrease) by a predefined amount based
on the magnitude of the applied force. Accordingly, presuming all resistance values in
circuit 302 are generally the same, the change in a resistance attribute of R2 & R4 will
cause a corresponding change in the voltage value measured at output 310. Thus, a
differential voltage signal 312, relative to outputs 308 and 310, will be measured or detected
by electronic circuit 122. In some implementations, measured parameter signals can be,
for example, in the microvolt or the millivolt range. Thus, measured signals can be
amplified by an example amplification circuit associated with electronic circuit 122.
[0049] FIG. 4 illustrates a diagram 404 of multiple strain gauges 208 arranged in a
diamond configuration to form multiple sensing units 108 as well as corresponding
graphical data 402 associated with individual sensor measurements that indicate a particular
strain force for respective sensors. The implementation of FIG. 4 further illustrates
example data parameters 406 associated with the technical features of apparatus 100. As
shown, each sensing unit/sensor 108 can have a SG set 208a that includes a SG 208 in the
top point position and a SG 208 in the bottom point position. Likewise, each sensor 108
can also have a SG set 208b that includes a SG 208 in the left point position and a SG 208
in the right point position. The diamond configuration of the SGs 208 depicted in the
embodiment of FIG. 4 differs slightly from the parallel configuration of the SGs 208
depicted in the embodiment of FIG. 2.

[0050] In general, a diamond configuration can be used to form a sensing unit 108 that
is more compact (relative to the parallel configuration) along a length of device 104. Use
of the diamond configuration can provide increased precision relative to the location of
push and potentially higher signal 312 for the same applied load. Alternatively, in some
implementations, the parallel configuration, discussed above, can use a smaller width such
that sensing units that include strain gauges arranged in the parallel configuration can be
utilized on thinner electronic devices. Moreover, the parallel configuration can provide a
simplified installation process when being placed within electronic devices that have

limited space.
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[0051] In general, a variety of different strain gauge orientations can be used for
apparatus 100 depending on a device manufacturer’s desired level of precision, the
manufacturer’s desired accuracy regarding the ability to detect the particular location of an
electronic device that a user is pushing, and the available space within the electronic device
that apparatus 100 will be installed.

[0052] As noted above, applied strain/force to an edge/sidewall surface associated with
housing wall 103 can cause slight physical changes (e.g., expansion or contraction) to at
least one SG 208 of sensor(s) 108. The physical changes can cause a change in a resistance
attribute of SG 208. The change in the resistance attribute can cause a corresponding change
in the measured output voltage value, thereby causing differential voltage signal 312. In
some implementations, equation 402a indicates that, for the strain gauge diamond
orientation of FIG. 4, total top & bottom voltage values can be subtracted from total left &
right voltage values to obtain a differential voltage value. For example, differential voltage
signal 312 can correspond to adding the measured voltage values associated with SG set
208b (positive polarity) and subtracting the measured voltage values associated with SG
set 208a (negative polarity) to obtain a differential voltage value that can be mapped to a
particular strain force.

[0053] In some implementations, a particular strain force can be mapped to a particular
voltage value associated with differential voltage signal 312. The applied strain force can
be measured in strain units and a particular strain value can correspond to a particular
resistance attribute change for each individual SG 208. For example, a magnitude of
applied force provided as user input to device 104 can be indicated as one micro-strain
(uS). Hence, 1uS can correspond to a 1m€ change in the resistance value/attribute
associated with a single SG 208 (e.g., resistor R2 of FIG. 3). In particular, for an example
resistance value of 500 Q + 10%, an applied strain of 6.5 uS (see sensor 6 of graph 402)
can result in a modified resistance value of 506.5 Q + 10%. In some implementations, a
range of differential output voltage signal values can be mapped to individual user input
types. The mapped values can be used by user device 104 to determine particular user input
types based on the duration and/or magnitude (in units of strain-force) of the applied strain.
[0054] Embodiments of the subject matter and the functional operations described in
this specification can be implemented in digital electronic circuitry, in tangibly-embodied
computer software or firmware, in computer hardware, including the structures disclosed
in this specification and their structural equivalents, or in combinations of one or more of

them. Embodiments of the subject matter described in this specification can be
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implemented as one or more computer programs, i.e., one or more modules of computer
program instructions encoded on a tangible non-transitory program carrier for execution
by, or to control the operation of, data processing apparatus.

[0055] Altemnatively, or in addition, the program instructions can be encoded on an
artificially-generated propagated signal, e.g., a machine-generated electrical, optical, or
electromagnetic signal that is generated to encode information for transmission to suitable
receiver apparatus for execution by a data processing apparatus. The computer storage
medium can be a machine-readable storage device, a machine-readable storage substrate, a
random or serial access memory device, or a combination of one or more of them.

[0056] The processes and logic flows described in this specification can be performed
by one or more programmable computers executing one or more computer programs to
perform functions by operating on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an ASIC
(application-specific integrated circuit). Various implementations of the systems and
techniques described here can be realized in digital electronic circuitry, integrated circuitry,
specially designed ASICs, computer hardware, firmware, software, and/or combinations
thereof. These various implementations can include implementation in one or more
computer programs that are executable and/or interpretable on a programmable system
including at least one programmable processor, which may be special or general purpose,
coupled to receive data and instructions from, and to transmit data and instructions to, a
storage system, at least one input device, and at least one output device.

[0057] To provide for interaction with a user, the systems and techniques described
here can be implemented on a computer having a display device, e.g., a CRT (cathode ray
tube) or LCD (liquid crystal display) monitor, for displaying information to the user and a
keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can provide
input to the computer. Other kinds of devices can be used to provide for interaction with a
user as well; for example, feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile feedback; and input from the
user can be received in any form, including acoustic, speech, or tactile input.

[0058] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and
scope of the invention. For example, various forms of the flows shown above may be used,

with steps re-ordered, added, or removed. Also, although several applications of the
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payment systems and methods have been described, it should be recognized that numerous
other applications are contemplated. Accordingly, other embodiments are within the scope
of the following claims.

[0059] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of what may be claimed, but rather as
descriptions of features that may be specific to particular embodiments. Certain features
that are described in this specification in the context of separate embodiments can also be
implemented in combination in a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features
may be described above as acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can in some cases be excised from
the combination, and the claimed combination may be directed to a subcombination or
variation of a subcombination.

[0060] Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be performed,
to achieve desirable results. In certain circumstances, multitasking and parallel processing
may be advantageous. Moreover, the separation of various system modules and
components in the embodiments described above should not be understood as requiring
such separation in all embodiments, and it should be understood that the described program
components and systems can generally be integrated together in a single software product
or packaged into multiple software products.

[0061] Particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. For example, the actions recited
in the claims can be performed in a different order and still achieve desirable results. As
one example, the processes depicted in the accompanying figures do not necessarily require
the particular order shown, or sequential order, to achieve desirable results. In some cases,

multitasking and parallel processing may be advantageous.
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CLAIMS

1. An apparatus for sensing user input provided on an exterior surface of an
electronic device, comprising:

a first strain gauge grouping attached to an inner surface of a housing of the
electronic device;

a second strain gauge grouping attached to the inner surface of the housing of the
electronic device; and

an electronic circuit electrically coupled to the first strain gauge grouping and the
second strain gauge grouping, the electronic circuit configured to:

(1) receive a first parameter signal from the first strain gauge grouping in
response to user input that interacts with the housing over a location of the first
strain gauge grouping,

(i1) indicate that a first type of user input has been received in response to
receipt of the first parameter signal,

(i11) receive a second parameter signal from the second strain gauge
grouping in response to user input that interacts with the housing over a location
of the second strain gauge grouping, and

(iv) indicate that a second type of user input has been received in response

to receipt of the second parameter signal.

2. The apparatus of claim 1, wherein the first strain gauge grouping comprises:

a first strain gauge set of multiple strain gauges that indicates a first voltage value
when voltage is applied to the first strain gauge set of multiple strain gauges;

a second strain gauge set of multiple strain gauges that indicates a second voltage
value when voltage is applied to the second strain gauge set of multiple strain gauges; and

wherein the first voltage value and the second voltage value are indicated
concurrently in response to the user input that interacts with the housing over the location

of the first strain gauge grouping.
3. The apparatus of claim 2, wherein the electronic circuit determines a differential

voltage value in response to receiving the first parameter signal corresponding to the first

type of user input, the differential voltage value corresponding to a difference between the
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first voltage value of the first strain gauge set and the second voltage value of the second

strain gauge set.

4, The apparatus of claim 1, wherein the second strain gauge grouping comprises:

a first strain gauge set of multiple strain gauges that indicates a first voltage value
when voltage is applied to the first strain gauge set of multiple strain gauges;

a second strain gauge set of multiple strain gauges that indicates a second voltage
value when voltage is applied to the second strain gauge set of multiple strain gauges; and

wherein the first voltage value and the second voltage value are indicated
concurrently in response to the user input that interacts with the housing over the location

of the second strain gauge grouping.

5. The apparatus of claim 4, wherein the electronic circuit determines a differential
voltage value in response to receiving the second parameter signal corresponding to the
second type of user input, the differential voltage value corresponding to a difference
between the first voltage value of the first strain gauge set and the second voltage value of

the second strain gauge set.

6. The apparatus of claim 1, wherein at least one of the first and second strain gauge
groupings comprises multiple strain gauge sets each strain gauge set comprising at least

two strain gauges.

7. The apparatus of claim 1, wherein

the first strain gauge grouping includes a first strain gauge having a first
orientation and a second strain gauge having a second orientation that differs from the
first orientation; and

the second strain gauge grouping includes a first strain gauge having a first
orientation and a second strain gauge having a second orientation that differs from the

first orientation.

8. The apparatus of claim 1, wherein the apparatus comprises a third strain gauge

grouping attached to the inner surface of the housing of the electronic device.
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9. The apparatus of claim 8, wherein the third strain gauge grouping includes a first
strain gauge having a first orientation and a second strain gauge having a second

orientation that differs from the first orientation.

10. The apparatus of claim 8, wherein the first strain gauge grouping, the second
strain gauge grouping, and the third strain gauge grouping are attached longitudinally

along the inner surface of the housing.

11. The apparatus of claim 10, wherein the first strain gauge grouping, the second
strain gauge grouping, and the third strain gauge grouping are attached longitudinally

along the inner surface of the housing by way of an adhesive material.

12. The apparatus of claim 11, wherein the first strain gauge grouping is configured to
allow the electronic device to sense user input to the electronic device, the sensed user

input being of a plurality of different types.

13. The apparatus of claim 12, wherein the first strain gauge grouping interacts with
the second strain gauge grouping to allow the electronic device to sense user input
corresponding to at least one of:

a particular magnitude of physical force applied to the outer surface of the
housing;

a particular time period associated with physical force applied to the outer surface
of the housing; and

a particular magnitude of physical force that is applied to the outer surface of the

housing for a particular time period.

14. The apparatus of claim 1, wherein the first strain gauge grouping cooperates with
the electronic circuit to form a resistor bridge that indicates a parameter signal associated
with changes in a resistance attribute of the first strain gauge grouping, the changes

occurring based on a particular type of user input.

15. The apparatus of claim 14, wherein the second strain gauge grouping cooperates

with the electronic circuit to form a resistor bridge that indicates a parameter signal
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associated with changes in a resistance attribute of the second strain gauge grouping, the

changes occurring based on a particular type of user input.

16. The apparatus of claim 15, wherein in response to user input detected by one of
the first strain gauge grouping and second strain gauge grouping, the electronic circuit

amplifies a characteristic of the parameter signal indicated by the resistor bridge.

17.  The apparatus of claim 16, wherein the resistor bridge includes:

(1) a first strain gauge set of multiple strain gauges that includes a first strain
gauge affixed in a first orientation, and

(i1) a second strain gauge set of multiple strain gauges that includes a second strain

gauge affixed in a second orientation that differs from the first orientation.

18.  The apparatus of claim 17, wherein the first orientation and the second orientation

are perpendicular to each other.

19.  The apparatus of claim 17, wherein the parameter signal indicates a differential
voltage value, and wherein the resistance attribute changes in response to tension applied
concurrently to each of the first strain gauge of the resistor bridge and the second strain

gauge of the resistor bridge.

20. An apparatus for sensing user input provided on an area of a device, comprising:

a first strain gauge grouping configured to be attached to a surface, the first strain
gauge grouping including a first strain gauge having a first orientation and a second strain
gauge having a second orientation that differs from the first orientation;

a second strain gauge grouping configured to be attached to the surface, the
second strain gauge grouping including a first strain gauge having a first orientation and a
second strain gauge having a second orientation that differs from the first orientation;

a third strain gauge grouping configured to be attached to the surface, the third
strain gauge grouping including a first strain gauge having a first orientation and a second
strain gauge having a second orientation that differs from the first orientation; and

wherein each strain gauge grouping is configured to couple to an electrical

conductor, the electrical conductor being configured to provide parameter signals to an
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electronic circuit that detects user input of a particular type in response to a user

interacting with an area of the device.

21. The apparatus of claim 20, wherein the first strain gauge grouping interacts with at
least the second strain gauge grouping to allow the device to sense user input
corresponding to at least one of:

a particular magnitude of physical force applied to the surface;

a particular time period associated with physical force applied to the surface; and

a particular magnitude of physical force that is applied to the surface for a

particular time period.

22. The apparatus of claim 20, wherein the first strain gauge grouping cooperates with
the electronic circuit to form a resistor bridge that indicates a parameter signal associated
with changes in a resistance attribute of the first strain gauge grouping, the changes

occurring based on a particular type of user input.

23. The apparatus of claim 22, wherein the resistor bridge includes a first strain gauge
set that includes a first strain gauge affixed in a first orientation and a second strain gauge
set that includes a second strain gauge affixed in a second orientation that differs from the

first orientation.

24, The apparatus of claim 20, wherein each strain gauge grouping comprises:
a first strain gauge set configured to indicate a first voltage value;
a second strain gauge set configured to indicate a second voltage value; and
wherein the first voltage value and the second voltage value are indicated

concurrently in response to the user interacting with an area of the device.
25.  The apparatus of claim 20, wherein the first, second, and third strain gauge

groupings are each attached to the surface by way of an adhesive material and in a

parallel configuration, the surface corresponding to the surface of a plate.
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