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One variation of a method for interfacing a computer to a
human includes: detecting application of a first input onto a
touch sensor surface and a first force magnitude of the first
input; in response to the first force magnitude exceeding a
first threshold magnitude, actuating a vibrator coupled to the
touch sensor surface during a first click cycle and triggering
an audio driver proximal the touch sensor surface to output
a click sound during the first click cycle; detecting retraction
of the first input from the touch sensor surface and a second
force magnitude of the first input; and, in response to the
second force magnitude falling below a second threshold
magnitude less than the first threshold magnitude, actuating
the vibrator during a second click cycle distinct from the first
click cycle and triggering the audio driver to output the click
sound during the second click cycle.
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HUMAN-COMPUTER INTERFACE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/316,417, filed on 31 Mar. 2016,
and U.S. Provisional Application No. 62/343,453, filed on
31 May 2016, which are incorporated in their entireties by
this reference.

[0002] This application is related to U.S. patent applica-
tion Ser. No. 14/499,001, filed on 26 Sep. 2014, which is
incorporated in its entirety by this reference.

TECHNICAL FIELD

[0003] This invention relates generally to the field of touch
sensors and more specifically to a new and useful human-
computer interface system in the field of touch sensors.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIG. 1 is a schematic representation of a system;

[0005] FIG. 2 is a schematic representation of one varia-
tion of the system;

[0006] FIG. 3 is a flowchart representation of a method;

[0007] FIG. 4 is a flowchart representation of one varia-
tion of the method;

[0008] FIGS. 5A and 5B are schematic representations of
one variation of the system;

[0009] FIG. 6 is a schematic representation of one varia-
tion of the system;

[0010] FIG. 7 is a schematic representation of one varia-
tion of the system;

[0011] FIGS. 8A and 8B are flowchart representations of
variation of the method;

[0012] FIGS. 9A and 9B are schematic representations of
variations of the system;

[0013] FIGS. 10A and 10C are schematic representations
of variations of the method;

[0014] FIG. 11 is a schematic representation of one varia-
tion of the system;

[0015] FIG. 12 is a schematic representation of one varia-
tion of the system;

[0016] FIGS. 13A-13H are schematic representations of
variations of the system;

[0017] FIG. 14 is a schematic representation of one varia-
tion of the method;

[0018] FIGS. 15A-15F are schematic representations of
variations of the system;

[0019] FIGURE 16 is a schematic representation of one
variation of the system; and

[0020] FIGS. 17A and 17B are schematic representations
of variations of the system.

DESCRIPTION OF THE EMBODIMENTS

[0021] The following description of embodiments of the
invention is not intended to limit the invention to these
embodiments but rather to enable a person skilled in the art
to make and use this invention. Variations, configurations,
implementations, example implementations, and examples
described herein are optional and are not exclusive to the
variations, configurations, implementations, example imple-
mentations, and examples they describe. The invention
described herein can include any and all permutations of
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these variations, configurations, implementations, example
implementations, and examples.

1. System and Method

[0022] As shown in FIGS. 1 and 2, a human-computer
interface system (hereinafter the “system”) includes a touch
sensor 110, a housing 160, an audio driver 140 (herein after
a “speaker”), a vibrator 120, and a controller 150. The touch
sensor 110 includes: an array of sense electrode and drive
electrode pairs 116 patterned across a substrate; and a
resistive layer arranged over the substrate in contact with the
sense electrode and drive electrode pairs, defining a touch
sensor surface 112 opposite the substrate, and defining a
material exhibiting changes in local bulk resistance respon-
sive to variations in magnitude of force applied to the touch
sensor surface 112. The housing 160 is coupled to the touch
sensor 110 and contains the speaker and the vibrator 120.
The controller 150: is configured to trigger the speaker to
replay a click sound and to trigger the vibrator 120 to vibrate
the housing 160 during a click cycle in response to appli-
cation of a force exceeding a threshold force magnitude on
the touch sensor surface 112; and is configured to output a
command in response to application of the force exceeding
the threshold force magnitude on the touch sensor surface
112.

[0023] One variation of the system includes: a touch
sensor 110 comprising a touch sensor surface 114, compris-
ing an array of sense electrode and drive electrode pairs 116
arranged over the touch sensor surface 114, and defining a
touch sensor surface 112 extending over the array of sense
electrode and drive electrode pairs 116; a vibrator 120
coupled to the touch sensor 110 and configured to oscillate
a mass within a plane parallel to the touch sensor surface
112; an audio driver 140 coupled to the chassis 130; and a
controller 150. In this variation, the controller 150 is con-
figured to: detect application of a first input onto the touch
sensor surface 112 and a first force magnitude of the first
input at a first time based on a first change in resistance
between a first sense electrode and drive electrode pair in the
touch sensor 110; execute a first click cycle in response to
the first force magnitude exceeding a first threshold magni-
tude by actuating the vibrator 120 and triggering the audio
driver 140 to output the click sound; detect retraction of the
first input from the touch sensor surface 112 and a second
force magnitude of the first input at a second time succeed-
ing the first time based on a second change in resistance
between the first sense electrode and drive electrode pair;
and execute a second click cycle in response to the second
force magnitude falling below a second threshold magnitude
less than the first threshold magnitude by actuating the
vibrator 120 and triggering the audio driver 140 to output the
click sound.

[0024] As shown in FIG. 8A, in one variation, the system
executes a method S100 for responding to inputs on the
touch sensor surface 112, including: at a first time, detecting
application of a first input onto a touch sensor surface 112
and a first force magnitude of the first input in Block S110;
in response to the first force magnitude exceeding a first
threshold magnitude, actuating a vibrator 120 coupled to the
touch sensor surface 112 during a first click cycle and
triggering an audio driver 140 proximal the touch sensor
surface 112 to output a click sound during the first click
cycle in Block S120; at a second time succeeding the first
time, detecting retraction of the first input from the touch
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sensor surface 112 and a second force magnitude of the first
input in Block S112; and, in response to the second force
magnitude falling below a second threshold magnitude less
than the first threshold magnitude, actuating the vibrator 120
during a second click cycle distinct from the first click cycle
and triggering the audio driver 140 to output the click sound
during the second click cycle in Block S122.

1.1 Applications

[0025] Generally, the system functions as a human-com-
puter interface device that detects inputs by a (human) user,
transforms these inputs into machine-readable commands,
communicates these commands to a computing device, and
supplies feedback indicating that an input was detected to
the user. In particular, the system includes a touch sensor 110
though which inputs are detected, a haptic feedback module
(e.g., a speaker and a vibrator 120) through which feedback
is supplied to a user, and a controller 150 that outputs
commands to a computing device based on inputs detected
at the touch sensor 110 and that triggers haptic feedback
through the haptic feedback module; and the system can
execute Blocks of the method to detect and respond to inputs
on the touch sensor surface 112.

[0026] In one example, the system can define a handheld
computer pointing device (or “mouse”) that, where con-
nected to a computing device, communicates click events to
the computing device in response to touch inputs on touch
sensor surface 112 that exceed a threshold force (or pres-
sure) magnitude. In this example, the system can issue
audible and vibratory (hereinafter “haptic”) feedback to a
user in response to such a touch input in order to mimic the
auditory and tactile response of a mechanical snap button
when depressed and released. In particular, the system can:
activate the vibrator 120 and trigger the audio driver 140 to
output a click sound when an input applied to the touch
sensor surface 112 exceeds a first threshold force (or pres-
sure) magnitude in order to replicate a tactile feel and
audible sound of a mechanical button being depressed; and
then activate the vibrator 120 and trigger the audio driver
140 to output a (lower-frequency) click sound when the
same input is lifted to less than a second threshold magni-
tude—Iless than the first threshold magnitude—on the touch
sensor surface 112 in order to replicate a tactile feel and
audible sound of a depressed mechanical button being
released. The system can thus provide the user with a tactile
impression that a button was depressed and released though
the system itself defines a substantially rigid exo-structure
with no external moving parts or surfaces (e.g., a button).
Furthermore, in this example, the system can include a
movement sensor 17 0 (e.g., an optical or mechanical
movement sensor 170), and the controller 150 can output
cursor motion vectors or other commands based on move-
ment of the system relative to an adjacent surface detected
by the movement sensor 170.

[0027] In the foregoing example, the system can also be
reconfigurable, such as to function as a remote controller
150 or as a gamepad based on an orientation in which the
system is placed on a surface or held in a user’s hand. In
particular, the system can define a touch sensor surface 112
spanning all or a portion of its length and width, and the
controller 150 can map different commands, gestures, and
other output types to discrete subregions of the touch sensor
surface 112 based on a current function of the system.
Furthermore, the system can selectively output haptic (e.g.,
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audible and tactile) feedback in response to inputs on
various subregions of the touch sensor surface 112 in various
configurations, thereby enabling imitation of multiple com-
binations and arrangements of mechanical snap buttons in a
single device without mechanical modification to the device.
[0028] The system is described herein as a standalone
human-computer interface component that detects user
inputs, provides haptic feedback to the user in response to
user inputs, and outputs commands to a connected comput-
ing device based on these user inputs. However, the system
can alternatively be integrated into a computing device, as
described below, or interface with one or more computing
devices in any other way.

1.2 Touch Sensor

[0029] As shown in FIGS. 1 and 2, the touch sensor 110
includes: an array of sense electrode and drive electrode
pairs 116 patterned across a substrate (e.g., a fiberglass
PCB); and a force-sensing layer arranged over the substrate
in contact with the drive and sense clectrode pairs (or
“sensels”), defining a force-sensitive material exhibiting
variations in local bulk resistance and/or local contact resis-
tance responsive to variations in force applied to a cover
layer above. As described in U.S. patent application Ser. No.
14/499,001, the resistive touch sensor 110 can include a grid
of inter-digitated drive electrodes and sense electrodes pat-
terned across the substrate. The force-sensing layer can span
gaps between each drive and sense electrode pair across the
substrate such that, when a localized force is applied to the
cover layer, the resistance across an adjacent drive and sense
electrode pair varies proportionally (e.g., linearly, inversely,
quadratically, or otherwise) with the magnitude of the
applied force. As described below, the controller 150 can
read resistance values across each drive and sense electrode
pair within the touch sensor 110 and can transform these
resistance values into a position and magnitude of one or
more discrete force inputs applied to the cover layer.
[0030] In one implementation, the system includes a rigid
substrate, such as in the form of a rigid PCB (e.g., a
fiberglass PCB) or a PCB on a touch sensor surface 114 (e.g.,
an aluminum backing plate); and rows and columns of drive
and sense electrodes are patterned across the top of the
substrate to form an array of sensels. The force-sensing layer
is installed over the array of sensels and connected to the
substrate about its perimeter.

1.3 Controller

[0031] Generally, the controller 150 functions to drive the
touch sensor no, to read resistance values between drive and
sense electrodes during a scan cycle, and to transform
resistance data from the touch sensor 110 into locations and
magnitudes of force inputs over the touch sensor no in
Blocks 8100 and S112. The controller 150 can also function
to transform locations and/or magnitudes of forces recorded
over two or more scan cycles into a gesture (as shown in
FIG. 10B), a cursor motion vector (as shown in FIG. 10A),
or other command and to output such command to a con-
nected computing device, such as over a wired or wireless
connection. For example, the controller 150 can access
preprogrammed command functions stored in memory in the
system, such as command functions including a combination
of mouse and keyboard values readable by a connected
computing device to move a virtual cursor, scroll through a



US 2017/0285848 Al

text document, expand a window, or translate and rotate a
2D or 3D virtual graphical resource within a window, etc.,
as described below.

[0032] Inone implementation, the controller 150 includes:
an array column driver (ACD); a column switching register
(CSR); a column driving source (CDS); an array row sensor
(ARS); a row switching register (RSR); and an analog to
digital converter (ADC); as described in U.S. patent appli-
cation Ser. No. 14/499,001. In this implementation, the
touch sensor 110 can include a variable impedance array
(VIA) that defines: interlinked impedance columns (IIC)
coupled to the ACD; and interlinked impedance rows (IIR)
coupled to the ARS. During a resistance scan period: the
ACD can select the IIC through the CSR and electrically
drive the IIC with the CDS; the VIA can convey current from
the driven IIC to the IIC sensed by the ARS; the ARS can
select the IIR within the touch sensor 110 and electrically
sense the [IR state through the RSR; and the controller 150
can interpolate sensed current/voltage signals from the ARS
to achieve substantially accurate detection of proximity,
contact, pressure, and/or spatial location of a discrete force
input over the touch sensor 110 for the resistance scan period
within a single sampling period.

[0033] Forexample, a row of drive electrodes in the touch
sensor 110 can be connected in series, and a column of sense
electrodes in the resistive touch sensor 110 can be similarly
connected in series. During a sampling period, the controller
150 can: drive a first row of drive electrodes to a reference
voltage while floating all other rows of drive electrodes;
record a voltage of a first column of sense electrodes while
floating all other columns of sense electrodes; record a
voltage of a second column of sense electrodes while
floating all other columns of sense electrodes; . . . record a
voltage of a last column of sense electrodes while floating all
other columns of sense electrodes; drive a second row of
drive electrodes to the reference voltage while floating all
other rows of drive electrodes; record a voltage of the first
column of sense electrodes while floating all other columns
of sense electrodes; record a voltage of the second column
of sense electrodes while floating all other columns of sense
electrodes; . . . record a voltage of the last column of sense
electrodes while floating all other columns of sense elec-
trodes; . . . and finally drive a last row of drive electrodes to
the reference voltage while floating all other rows of drive
electrodes; record a voltage of the first column of sense
electrodes while floating all other columns of sense elec-
trodes; record a voltage of the second column of sense
electrodes while floating all other columns of sense elec-
trodes; . . . record a voltage of the last column of sense
electrodes while floating all other columns of sense elec-
trodes in Block S110. The controller 150 can thus sequen-
tially drive rows of drive electrodes in the resistive touch
sensor 110; and sequentially read resistance values (e.g.,
voltages) from columns of sense electrodes in the resistive
touch sensor 110 in Block S110.

[0034] The controller 150 can therefore scan drive and
sense electrode pairs (or “sensels”) during a sampling period
in Block S110. The controller 150 can then merge resistance
values read from the touch sensor 110 during one sampling
period into a single touch image representing locations and
magnitudes of forces (or pressures) applied across the touch
sensor surface 112 in Block S130. The controller 150 can
also: identify discrete input areas on the touch sensor surface
112 (e.g., by implementing blob detection to process the
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touch image); calculate a pressure magnitude on an input
area based on total force applied across the input area;
identify input types (e.g., finger, stylus, palm, etc.) corre-
sponding to discrete input areas; associate discrete input
areas with various commons; and/or label discrete input
areas in the touch image with pressure magnitudes, input
types, commands, etc. in Block S130. The controller 150 can
repeat this process to generate a (labeled) touch image
during each sampling period during operation of the system.

1.4 Haptic Feedback Module

[0035] The system includes a haptic feedback module,
including a vibrator 120 and a speaker arranged within the
housing 160, as shown in FIGS. 1 and 3. Generally, in
response to a touch input—on the touch sensor surface
112—that exceeds a threshold force (or a threshold pres-
sure), the controller 150 can simultaneously trigger the
vibrator 120 to output a vibratory signal and trigger the
speaker to output an audible signal that mimic the feel and
sound, respectively, of actuation of a mechanical snap button
(hereinafter a “click cycle”) in Block S120.

[0036] The vibrator 120 can include a mass on an oscil-
lating linear actuator, an eccentric mass on a rotary actuator,
a mass on an oscillating diaphragm, or any other suitable
type of vibratory actuator. The vibrator 120 can exhibit a
resonant (e.g., natural) frequency, and the controller iso can
trigger the actuator to oscillate at this resonant frequency
during a click cycle. For example, when the system is first
powered on, the controller 150 can execute a test routine,
including ramping the vibrator 120 from a low frequency to
a high frequency, detecting a resonant frequency between
the low frequency and the high frequency, and storing this
resonant frequency as an operating frequency of the vibrator
120 during the current use session. The vibrator 120 can be
arranged within the housing 160 between a bottom of the
housing 160 and the touch sensor 110. For example, the
touch sensor 110 can include an array of sense electrode and
drive electrode pairs 116 patterned across a first side of a
PCB, and the vibrator 120 can be installed proximal the
center of the opposite side of the PCB.

[0037] The haptic feedback module can also include mul-
tiple vibrators, such as one vibrator arranged under each half
or under each quadrant of the touch sensor surface 112. In
this implementation, the controller 150 can actuate all vibra-
tors in the set during a click cycle. Alternatively, the con-
troller 150 can selectively actuate one or a subset of the
vibrators during a click cycle, such as a single vibrator 120
nearest the centroid of a newest touch input detected on the
touch surface between a current and a last scan cycle.
However, the haptic feedback module can include any other
number of vibrators in any other configuration and can
actuate any other one or more vibrators during a click cycle.
[0038] The haptic feedback module also includes a
speaker (or buzzer or other audio driver) configured to
replace a “click” sound during a click cycle. In one imple-
mentation, the housing 160 also includes: a speaker grill,
such as in the form of an open area or perforations across a
region of the bottom of the housing 160 opposite the touch
sensor surface 112, for which sound output by the speaker is
communicated outside of the housing 160; and a set of pads
162 (or “feet”) across its bottom surface that function to
maintain an offset (e.g., 0.085") gap between the speaker
grill and a flat surface on which the system is placed in order
to limit muffling of sound output from the speaker by this
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adjacent surface, as shown in FIGS. 5A and 5B. In particular,
the system can include: a housing 160 containing the touch
sensor 110, the vibrator 120, the audio driver 140, and the
controller 150 and defining a speaker grill adjacent the audio
driver 140 and facing opposite the touch sensor surface 112;
and one or more pads, each pad extending from the housing
160 opposite the touch sensor surface 112, defining a bearing
surface configured to slide across a table surface, and
configured to offset the speaker grill above the table surface
by a target gap distance. Thus, with the system placed on a
substantially flat surface, the speaker and speaker grill can
cooperate to output sound that is reflected between the
bottom surface of the housing 160 and the adjacent surface;
and this sound may disperse laterally and longitudinally
outward from the housing 160 such that a user may audibly
perceive this sound substantially regardless of his orienta-
tion relative to the system. Alternatively, the housing 160
can define one or more speaker grills on it side(s), across its
top adjacent the touch sensor surface 112, or in any other
position or orientation. Yet alternatively, the haptic feedback
module can include a speaker cavity that vibrates with the
speaker when the speaker is driven in order to output a
“click” sound from the system.

1.5 Haptics

[0039] In response to a touch input—on the touch sensor
surface 112—that exceeds a threshold force (or pressure)
magnitude, the controller 150 drives both the vibrator 120
and the audio driver 140 substantially simultaneously in a
“click cycle” in order to both tactilely and audibly mimic
actuation of a mechanical snap button, as shown in FIGS. 3
and 14. For example, in response to such a touch input, the
controller 150 can trigger a motor driver to drive the vibrator
120 according to a square wave for a target click duration
(e.g., 250 milliseconds) while simultaneously replaying a
“click” sound byte through the speaker. During a click cycle,
the controller 150 can also lag or lead replay of the click
sound byte relative to the vibration routine, such as by +/-50
milliseconds, to achieve a particular haptic response during
a click cycle.

[0040] Furthermore, during a click cycle, the controller
150 can delay audio output by the speaker by an “onset
time” corresponding to a time for the vibrator 120 to reach
a peak output power or peak oscillation amplitude and
within a maximum time for a human to perceive the audio
and vibration components of the click cycle as correspond-
ing to the same event (e.g., several milliseconds) in Block
S112. For example, for a vibrator 120 characterized by an
onset time of 10 milliseconds, the controller 150 can delay
audio output by the speaker by 5-10 milliseconds after the
vibrator 120 is triggered during a click cycle. Therefore,
when the controller 150 detects application of a force—that
exceeds a first threshold force (or pressure) magnitude—on
the touch sensor surface 112 at a first time in Block S110, the
controller 150 can: initiate activation of the vibrator 120 at
a second time immediately succeeding the first time (e.g.,
within 50 milliseconds of the first time and during applica-
tion of the first input on the touch sensor surface 112); and
initiate activation of the audio driver 140 at a third time
succeeding the second time by a delay duration correspond-
ing to an onset time of the vibrator 120 (e.g., 10 millisec-
onds) in which the vibrator 120 reaches a minimum oscil-
lation magnitude in Block S120.
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[0041] As described above, the controller 150 can execute
a click cycle in response to a touch input on the touch sensor
surface 112 that meets or exceeds one or more preset
parameters in Block S120. For example, the controller 150
can initiate a click cycle in response to detection of a touch
input on the touch sensor surface 112 that exceeds a thresh-
old force or pressure corresponding to a common force or
pressure needed to depress a mechanical mouse button (or a
mechanical trackpad button or snapdome, as described
below). Therefore, the controller 150 can compare pressures
of detected touch inputs on the touch sensor surface 112 to
a preset static force or pressure threshold to identify or
characterize an input.

[0042] Alternatively, the controller 150 can implement a
user-customized pressure threshold, such as based on a user
preference for greater input sensitivity (corresponding to a
lower pressure threshold) or based on a user preference for
lower input sensitivity (corresponding to a greater pressure
threshold) set through a graphical user interface executing
on a computing device connected to the system. In another
example, the controller 150 can segment the touch sensor
surface 112 into two or more active and/or inactive regions,
such as based on a current mode or orientation of the system,
as described below, and the controller 150 can discard an
input on an inactive region of the touch sensor surface 112
but initiate a click cycle when a touch input of sufficient
magnitude is detected within an active region of the touch
sensor surface 112.

[0043] In this implementation, the controller 150 can
additionally or alternatively assign unique threshold force
(or pressure) magnitudes to discrete regions of the touch
sensor surface 112 and selectively execute click cycles
through a common haptic feedback module response to
application of forces (or pressures)—on various regions of
the touch sensor surface 112—that exceed assigned thresh-
old magnitudes. For example, the controller 150 can: assign
a first threshold magnitude to a left-click region of the touch
sensor surface 112; and assign a second threshold magni-
tude—greater than the first threshold magnitude in order to
reject aberrant right-clicks on the touch sensor surface
112—+to a right-click region of the touch sensor surface 112.
In this example, the controller 150 can also: assign a third
threshold magnitude to a center scroll region of the touch
sensor surface 112, wherein the third threshold magnitude is
greater than the first threshold magnitude in order to reject
aberrant scroll inputs on the touch sensor surface 112; but
also link the center scroll region to a fourth threshold
magnitude for persisting a scroll event, wherein the fourth
threshold magnitude is less than the first threshold magni-
tude.

1.6 Standard Click and Deep Click

[0044] In one variation, the controller 150: executes a
“standard click cycle” in Blocks S110 and S120 in response
to application of a force that exceeds a first force magnitude
and that remains less than a second force threshold (here-
inafter a “standard click input”); and executes a “deep click
cycle” in Blocks S114 and S124 in response to application
of a force that exceeds the second force threshold (herein-
after a “deep click input™), such as shown in FIGS. 8B and
10C. In this variation, during a deep click cycle, the con-
troller 150 can drive the vibrator 120 for an extended
duration (e.g., 750 milliseconds) in order to tactilely indicate
to a user that a deep click input was detected and handled.
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The controller 150 can also deactivate the speaker or drive
the speaker over an extended duration of time during a deep
click cycle. In one example, the controller 150 can output a
left-click mouse control function (or left-click trackpad
control function, as described below) in response to a
standard click input and can output a right-click mouse
control function in response to a deep click input. The
system can therefore detect inputs of different force magni-
tudes on the touch sensor surface 112, assign an input type
to an input based on its magnitude, serve different haptic
feedback through the vibrator 120 and speaker based on an
input’s assigned type, and output different control functions
based on an input’s assigned type.

[0045] In one example, the controller 150: detects appli-
cation of a first input on the touch sensor surface 112 and a
first force magnitude of the first input at a first time based on
a first change in resistance between a first sense electrode
and drive electrode pair below the touch sensor surface 112
in Block S110; executes a first click cycle over a first
duration (e.g., a standard click cycle) and labels the first
input as of a first input type in response to the first force
magnitude falling between the first threshold magnitude and
the second threshold magnitude in Block S120. In this
example, the controller 150 can also: detect application of a
second input onto the touch sensor surface 112 and a second
force magnitude of the second input at a second time based
on a second change in resistance between a second sense
electrode and drive electrode pair below the touch sensor
surface 112 in Block S114; and execute a second click cycle
over a second duration exceeding the first duration (e.g., a
deep click cycle) and label the second input as of a second
input type distinct from the first input type in response to the
second force magnitude exceeding the second threshold
magnitude in Block S124.

[0046] In another example, the controller 150 can transi-
tion or toggle between input modes in response to a deep
click input on the touch sensor surface 112, such as between
a first mode in which the controller 150 outputs relative
position change commands to move a cursor and a second
mode in which the controller 150 outputs absolute position
commands defining the location of the cursor within a view
window (e.g., over a desktop).

[0047] The controller 150 can similarly implement multi-
level click cycles, such as to execute three, four, or more
click cycles as the detected force magnitude of an input on
the touch sensor surface 112 increases. The controller 150
can also output various commands responsive to application
of a force on the touch sensor surface 112 that falls within
one of multiple preset force magnitude ranges. For example,
for an input on a region of the touch sensor surface 112
corresponding to a delete key, as in the variation described
below in which the system is integrated into a mobile
computing device, the controller 150 can output a command
to delete a single symbol, to delete a whole word, to delete
a whole sentence, and to delete a whole paragraph as the
magnitude of an applied force on the touch sensor surface
112 enters higher, discrete force ranges.

[0048] The controller 150 can implement these haptic
effects responsive to multiple discrete inputs applied to the
touch sensor surface 112 simultaneously or in rapid
sequence. For example, when a user places multiple fingers
in contact with the touch sensor surface 112, the controller
150 can trigger a click cycle in response to detection of each
finger on the touch sensor surface 112, such as within
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multiple click cycles overlapping based on times that mag-
nitudes of forces applied by each of these fingers exceed a
common threshold magnitude (or exceed threshold magni-
tudes assigned to corresponding regions of the touch sensor
surface 112). The controller 150 can implement the forego-
ing methods and techniques responsive to various force (or
pressure) magnitude transitions by each of the user’s fingers,
such as including “down” click cycles, “up” click cycles,
“deep” click cycles, multiple-level click cycles, etc. for each
finger in contact with the touch sensor surface 112.

1.7 Hysteresis

[0049] In one variation shown in FIG. 8A, the controller
150 implements hysteresis to trigger multiple click cycles
during application and retraction of a single force input on
the touch sensor surface 112 in Blocks S110, S120, S112,
and S122. In particular, in this variation, the controller 150
selectively activates the vibrator 120 and the speaker when
a force is both applied to the touch sensor surface 112 and
when the force is released from the touch sensor surface 112
in order to tactilely and audibly replicate the feel and sound
of a mechanical button being depressed and, later, released.
To prevent “bouncing” when application of a force on the
touch sensor surface 112 reaches a first threshold magnitude,
the controller 150 can execute a single “down” click cycle—
suggestive of depression of a mechanical button—for this
input until the input is released from the touch sensor surface
112. However, the controller 150 can also execute an “up”
click cycle—suggestive of release of a depressed mechani-
cal button—as a force applied by the same input decreases
to a second, lower threshold magnitude. Therefore, the
controller 150 can implement hysteresis techniques to pre-
vent “bouncing” in haptic responses to the inputs on the
touch sensor surface 112, to indicate to a user that a force
applied to the touch sensor surface 112 has been registered
(i.e., has reached a first threshold magnitude) through haptic
feedback, and to indicate to the user that the user’s selection
has been cleared and force applied to the touch sensor
surface 112 has been registered (i.e., the applied force has
dropped below a second threshold magnitude) through addi-
tional haptic feedback.
[0050] For example, the controller 150 can: trigger a
“down” click cycle in response to detecting application of an
input—on the touch sensor surface 112—of force magnitude
that exceeds grams in Blocks S110 and S120; and can trigger
n “up” click cycle (e.g., a shorter and higher-frequency
variant of the down click cycle) as the input is released from
the touch sensor surface 112 and the applied force on the
touch sensor surface 112 from this input drops below 60
grams in Blocks S112 and S122. In this example, the
controller 150 can execute a “down” click cycle in which the
vibrator 120 is driven at greater amplitude and/or greater
frequency and in which the speaker outputs a lower-fre-
quency sound than for an “up” click cycle. Therefore, the
controller 150 can execute a “down” click cycle that tactilely
and audibly replicates depression of a mechanical button,
which may require application of a force exceeding a
transition force; and the controller 150 can execute an “up”
click cycle that tactilely and audibly replicates release of the
mechanical button, which may return to its original position
only once the applied force on the mechanical button drops
significantly below the transition force. Furthermore, con-
tact between a mechanical button and a finger depressing the
mechanical button may dampen both the sound and the rate
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of return of a depressed mechanical button, thereby yielding
a faster and lower-pitch “snap down” feel and sound than
when the physical button is released. The controller 150 can
thus mimic the feel and sound of a mechanical button when
depressed by executing a “down” click cycle; the controller
150 can mimic the feel and sound of a depressed mechanical
button when released by executing an “up” click cycle
responsive to changes in force applied by an object in
contact with the touch sensor surface 112 over a period of
time.

1.8 Housing

[0051] The housing 160 functions to contain and support
elements of the system, such as the controller 150, the
vibrator 120, the speaker, and the sense and drive electrodes
of the touch sensor 110, as shown in FIGS. 1 and 2. As
described above, the housing 160 can also define a set of feet
160 (or “pads™) that function to support the bottom of the
housing 160 over a planar surface on which the system is set
upright. In this implementation, each foot can include a
compressible or other vibration-damping material that func-
tions to mechanically isolate the system from the adjacent
surface, thereby reducing rattle and substantially preserving
vibration of the system during a click cycle.

[0052] Furthermore, for the system that defines a periph-
eral human interface device (or “mouse”), each foot can be
tipped with a smooth, rigid, and/or relatively low-friction
material (e.g., a Tetlon film, a nylon bushing) to enable the
system—when placed upright on a flat surface—to glide
across the surface with relatively minimal resistance. For
example, in the foregoing implementation, the housing 160
can define a rectilinear injection-molded opaque polymer
structure and can include one closed-cell-foam insert at each
corner of the rectangular bottom of the structure. However,
the housing 160 can define any other form and can be of any
other material.

[0053] For the system that defines a peripheral human
interface device, the housing 160 can also support one or
more movement sensors—such as an LED- or laser-based
optical movement sensor 1,0 or a mechanical movement
sensor 170—on its bottom surface opposite the touch sensor
surface 112. The controller 150 can sample the movement
sensor 170(s) throughout operation (or when in a “mouse
mode,” as described below) to track relative movement of
the system across an adjacent surface. The system can also
transform such relative movement in a cursor vector or other
command substantially in real-time and transmit this cursor
vector or other command to a connected computing device.

1.9 Mouse Gestures

[0054] The system can transform an input detected on the
touch surface onto one of various commands, such as based
on the initial location, final location, speed, force (or pres-
sure) magnitude, etc. of the input on the touch surface in
Block S130. For example, the controller 150 can interpret an
input on the touch surface as one of various mouse com-
mands, such as right click, left click, center click, scroll, and
zoom. !

[0055] In one implementation in which the system oper-
ates in a mouse mode, the controller 150 selectively asso-
ciates regions of the touch surface with right click, left click,
and center click commands. For example, when a user
places her palm over the system and rests one finger (e.g., an
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index finger) in contact with the touch sensor surface 112
proximal the anterior end of the system, as shown in FIG. 3,
the controller 150 can interface with the touch sensor 110 to
detect this single touch input on the anterior half of the touch
sensor surface 112, can assign this input a left click com-
mand, and can initiate a click cycle and output a left click
command in response to the force magnitude of this input
exceeding a threshold force magnitude assigned to this
region of the touch sensor surface 112. However, when the
user rests two fingers on the anterior half of the touch sensor
surface 112 (e.g., an index finger and a middle finger), the
controller 150 can interface with the touch sensor no to
detect both touch inputs, associate a leftmost touch input on
the anterior half of the touch sensor surface 112 with a left
click command, associate a rightmost touch input on the
anterior half of the touch sensor surface 112 with a right
click command, and selectively output left click and right
click commands in response to force magnitudes of these
touch inputs exceeding a common force magnitude thresh-
old or unique force magnitude thresholds assigned to these
regions of the touch sensor surface 112. Furthermore, when
the user rests three fingers on the touch sensor surface 112
(e.g., an index finger, a middle finger, and a ring finger), the
controller 150 can interface with the touch sensor 110 to
detect all three touch inputs, associate a leftmost touch input
on the anterior half of the touch sensor surface 112 with a left
click command, associate a touch input on the anterior half
of the touch sensor surface 112 laterally between the left-
most and rightmost touch inputs with a center click or scroll
command, associate a rightmost touch input on the anterior
half of the touch sensor surface 112 with a right click
command, and selectively output left click, center click or
scroll, and right click commands in response to force mag-
nitudes of these touch inputs exceeding force magnitude
thresholds assigned to these regions of the touch sensor
surface 112. The controller 150 can therefore dynamically
associate a touch input on the touch sensor surface 112 with
different command types, such as based on the number and
position of other touch inputs on the touch sensor surface
112. Alternatively, the controller 150 can assign static com-
mands to subregions of the touch sensor surface 112, such as
by assigning a left click command to a second (II) quadrant
of'the touch sensor surface 112 and by assigning a right click
command to a first (I) quadrant of the touch sensor surface
112.

[0056] Inanother implementation, the controller 150 inter-
prets touch inputs detected on the touch sensor surface 112
with a scroll command, as shown in FIGS. 4 and 9A. In this
implementation, the controller 150: interfaces with the touch
sensor 110 to detect a touch input—such as from a user’s
finger or from a stylus tip—at a first position on the touch
sensor surface 112 at a first time; interfaces with the touch
sensor 110 to detect transition of the touch input to a second
position on the touch sensor surface 112 at a second time;
identifies the touch input as a scroll input based on a distance
between the first position and the second position exceeding
a threshold distance; determines a direction of the scroll
input (e.g., left, right, up, down) based on direction of a
vector from the first position to the second position; and
initiates a scroll command accordingly. (In this implemen-
tation, the controller 150 can also confirm the touch input at
the first position as an intentional input in response to the
touch input exceeding a threshold force or pressure magni-
tude on the touch sensor surface 112 at the first position.)
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Subsequently, as the user moves her finger or stylus across
the touch sensor surface 112 without breaking contact with
the touch sensor surface 112, the controller 150 can output
scroll commands including a scroll distance or scroll speed
corresponding to a distance traversed from the first (or
second) position. However, once a scroll command is thus
initiated, the controller 150 can additionally or alternatively
output scroll commands including a scroll distance or scroll
speed corresponding to a force magnitude of the touch input.
For example, once a scroll command—including a scroll
direction—is initiated, the controller 150 can output a scroll
speed command proportional to the force magnitude of the
touch input (up to a maximum scroll speed). The controller
150 can therefore initiate a scroll command based on tra-
versal of a touch input over a region of the touch sensor
surface 112 and can then modify the scroll command based
on the magnitude of a force with which the user depresses
the touch sensor surface 112, thereby enabling the user to
modulate a scroll speed when manipulating a document or
other resource viewed on a connected computing device by
modifying how firmly she depresses the touch sensor surface
112 once a scroll command is initiated, as shown in FIG. 4.
The controller 150 can continue to sample the touch sensor
110 and can terminate the scroll command once the touch
input is removed from the touch sensor surface 112 (e.g.,
once a force or pressure magnitude of the touch input falls
below a low threshold value).

[0057] In another implementation, as a user depresses and
rocks (e.g., pitches) a forefinger over the touch sensor
surface 112, the controller 150 can: interface with the touch
sensor 110 to detect a corresponding touch input character-
ized by an approximately ovular touch area at a first time;
identify a maximum force within the ovular touch area at the
first time; and track the location of the ovular touch area and
the position of the maximum force within the ovular touch
area from the first time to a second time. In this implemen-
tation, if the centroid position, orientation, or perimeter
geometry, etc. of the ovular touch area changes by less than
a threshold value and the position of the maximum force
within the ovular touch area changes by more than a
threshold distance from the first time to the second time, the
controller 150 can interpret this touch input as a scroll
command and can initiate a scroll command including a
direction corresponding to a direction of a vector from the
position of the maximum force at the first time to the
position of the maximum force at the second time. With the
scroll command thus initiated, the controller 150 can modu-
late a scroll speed or scroll distance of the scroll command
based on a magnitude of an aggregate force across the ovular
touch area or based on a magnitude of the maximum force
within the ovular touch area.

[0058] Inanother implementation, the controller 150 inter-
prets touch inputs detected on the touch sensor surface 112
with a zoom command. In this implementation, the control-
ler 150: interfaces with the touch sensor 110 to detect a first
touch input and a second touch input—such as from a user’s
thumb and index finger—at a first position and at a second
position, respectively, on the touch sensor surface 112 at a
first time; interfaces with the touch sensor 110 to detect
transition of the first touch input to a third position and
transition of the second touch input to a fourth position on
the touch sensor surface 112 at a second time; identifies the
touch inputs as a zoom input based on difference between a
first length between the first and second positions and a
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second length between the third and fourth positions differ-
ing by more than a threshold distance or proportion; deter-
mines a direction of the zoom input (e.g., zoom in, zoom
out) based on whether the first distance exceeds the second
distance (e.g., zoom in if the first distance exceeds the
second distance and zoom out if the second distance exceeds
the first distance); and initiates a zoom command accord-
ingly. (In this implementation, the controller 150 can also
confirm the touch inputs at the first and second positions as
an intentional input in response to the one or both of the
touch inputs at the first and second positions exceeding a
threshold force or pressure magnitude on the touch sensor
surface 112.) Subsequently, as the user continues to draw her
fingers together or to spread her fingers apart without
breaking contact with the touch sensor surface 112, the
controller 150 can output zoom commands including a zoom
direction, zoom distance, and/or zoom speed corresponding
to a change in distance between the user’s fingers from the
first (or second) length. However, once a zoom command is
thus initiated, the controller 150 can additionally or alter-
natively output zoom commands including a zoom distance
or zoom speed corresponding to a force magnitude of the
touch inputs. For example, once a zoom command—includ-
ing a zoom direction—is initiated, the controller 150 can
output a zoom speed command proportional to the force
magnitude of one or both touch inputs (up to a maximum
zoom speed) on the touch sensor surface 112. The controller
150 can therefore initiate a zoom command based on tra-
versal of two touch inputs over a region of the touch sensor
surface 112 and can then modify this zoom command based
on the magnitude of a force with which the user depresses
the touch sensor surface 112, thereby enabling the user to
modulate a zoom speed when manipulating a document or
other resource viewed on a connected computing device by
modifying how firmly she depresses the touch sensor surface
112 once a zoom command is initiated, as shown in FIG. 8B.
The controller 150 can continue to sample the touch sensor
110 and can terminate the zoom command once the touch
inputs are removed from the touch sensor surface 112.

[0059] The controller 150 can also define cursor vectors—
and output these cursor vectors to a connected computing
device—based on inputs on the touch sensor surface 112.
For example, in response to depression of the touch sensor
surface 112 along the anterior edge of the touch sensor
surface 112, the controller 150 can lock an output cursor
vector to a vertical axis. Similarly, in response to depression
of the touch sensor surface 112 along the left or right edge
of the touch sensor surface 112, the controller 150 can lock
an output cursor vector to a horizontal axis. The controller
150 can also lock an output cursor vector along a 45° vector
and along a 135° vector in response to depression of the
touch sensor surface 112 at the anterior-right and anterior-
left corners, respectively.

[0060] Furthermore, the controller 150 can selectively
activate and deactivate cursor control in select regions of the
touch sensor surface 112. For example, the controller 150
can interpret touch inputs on the anterior half of the touch
sensor surface 112 as selection (e.g., “click™), scroll, and
zoom commands but can deactivate cursor vector control in
this region, thereby enabling a user to select a virtual object,
access virtual menus, scroll through a virtual resource, or
zoom into and out of a virtual resource on a connected
computing device by touching the anterior half of the touch
sensor surface 112. However, in this example, the controller
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150 can activate cursor vector control in the posterior half of
the touch sensor surface 112, thereby enabling a user to
control the position of a cursor within a graphical user
interface on a connected computing device by both moving
the system relative to an adjacent surface and by drawing a
finger, stylus, or other implement across the posterior half of
the touch sensor surface 112. In this example, the controller
150 can apply a first scale (e.g., 1:1, or a relatively high
positional sensitivity) to movements of the system relative to
an adjacent surface and can apply a second scale (e.g., 1:5,
or a relatively low positional sensitivity) to changes in touch
input positions on the posterior half of the touch sensor
surface 112 in order to generate a composite cursor vector.
The controller 150 can therefore enable a user to quickly
move a cursor over relatively large virtual distances within
a graphical user interface by moving the system relative to
an adjacent surface, and the controller 150 can also enable
the user to achieve a relatively high degree of cursor position
control by drawing a finger, stylus, or other implement over
the posterior end of the touch sensor surface 112.

[0061] However, the controller 150 can segment regions
of the touch sensor surface 112 according to any other static
or dynamic schedule and can associate these regions with
any other command or function in Block S130

1.10 Context-Aware Gestures

[0062] In one variation, the system selectively operates
two or mode modes, such as a mouse mode, a remote
controller 150 mode, and a gamepad mode, as shown in
FIGS. 9A and 9B. In one implementation, the system
operates in a mouse mode—and implements methods and
techniques as described above—when the movement sensor
170 detects an adjacent surface, such as a surface that does
not change in depth from the bottom of the housing 160 by
more than a threshold distance per unit time. In this imple-
mentation, the system can also exit the mouse mode and can
prepare to enter either of a remote controller 150 mode or a
gaming controller 150 mode when the movement sensor 170
detects that an adjacent surface is not present or detects
variations in proximity of an adjacent surface by more than
the threshold distance per unit time.

[0063] The system can also include an accelerometer,
gyroscope, magnetometer, or other motion sensor and can
enter select modes based on outputs of the motion sensor.
For example, the system can enter and remain in the mouse
mode if outputs of the motion sensor indicate that the system
is in an upright orientation (or within an upright orientation
range, such as +/-10° in pitch and roll from a (0°, 0°) pitch
and roll orientation). However, if the system is held in a
portrait orientation (and if the movement sensor 170 does
not detect an adjacent or reliable surface), the system can
enter the remote controller 150 mode. Similarly, if the
system is held in a landscape orientation (and if the move-
ment sensor 170 does not detect an adjacent or reliable
surface), the system can enter the gamepad mode.

[0064] Furthermore, if the movement sensor 170 detects
an adjacent or reliable surface, the system can selectively
enter the remote controller 150 mode and gamepad mode
based on positions of touch inputs on the touch sensor
surface 112. For example, once the system has transitioned
out of the mouse mode, the system can enter the remote
controller 150 mode if a single touch input (e.g., a thumb)
is detected on the touch sensor surface 112, and the system
can enter the gamepad mode if two touch inputs (e.g., two
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thumbs) are detected on the touch sensor surface 112.
However, the system can selectively enter and exit two or
more modes based on outputs of any other mechanical,
optical, acoustic, or other sensor within the system. The
controller 150 can then implement methods and techniques
as described above to transform inputs on the touch sensor
surface 112 into commands or other functions (e.g., com-
mands predefined and preloaded onto the system) based on
the current operational mode of the system.

[0065] Alternatively, the system can transition between
modes based on one or more touch inputs detected on the
touch sensor surface 112. For example, the system: can enter
the mouse mode in response to detection of two deep click
inputs (described above) on the anterior region of the touch
sensor surface 112; can enter the remote controller 150 mode
in response to detection of one deep click input proximal the
lateral and longitudinal center of the touch sensor surface
112; and can enter the gamepad mode in response to
substantially simultaneous detection of one deep click input
on the anterior region of the touch sensor surface 112 and
one deep click input on the posterior region of the touch
sensor surface 112

[0066] In one implementation of the game controller 150
mode, the controller 150 can fuse the location and force
magnitude of an input on the touch sensor surface 112 into
a joystick vector. For example, in the gamepad mode, the
controller 150 can designate a subregion (e.g., a circular
subregions) of the touch sensor surface 112 as a joystick
region. In response to detection of an input within this
joystick region, the controller 150 can: calculate a centroid
of'the touch input area (or identify a point of maximum force
input within the touch input area); calculate an angular offset
of the touch input area centroid (or point of maximum force
input) within a coordinate system centered at the center of
the joystick region; and generate a joystick vector including
a direction defined by this angular offset and a magnitude
corresponding to the maximum, average, or aggregate force
magnitude of the touch input. In this example, the controller
150 can also scale the magnitude of the joystick vector based
on a distance from the center of the joystick region (e.g., the
origin of the coordinate system) to the centroid (or the point
of maximum force) of the touch input. The control can thus
merge both the position of an touch input and the force (or
pressure) magnitude of the touch input into a joystick vector
in the gamepad mode and then output this joystick vector to
a connected computing device, such as to control a cursor
position within a window or to control a first-person viewing
position within a gaming interface on the computing device.

1.11 Movable Stylus Surface

[0067] In one variation, the system outputs cursor vectors
(or cursor position commands, etc.) based on both changes
in the position of the system relative to an adjacent surface
and changes in the position of a touch input on the touch
sensor surface 112. In this variation, the system can include
two (or more) movement sensors laterally and/or longitudi-
nally offset across the bottom surface of the housing 160;
and the controller 150 can sample each movement sensor
170 throughout operation and track changes in the lateral
(e.g., X-axis) position, longitudinal (e.g., Y-axis) position,
and yaw (e.g., arcuate position about a Z-axis) of the system
during operation based on outputs of these movement sen-
sors. Furthermore, throughout operation, the controller 150
can sample the touch sensor 110 and track a continuous
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touch input—such as by a finger or stylus—across the touch
sensor surface 112. The controller 150 can then: project a
change in the position of a touch input between two con-
secutive sampling periods onto a change in the position of
the housing 160—as determined by comparing outputs of
the movement sensors—between the same sampling periods
in order to determine a global change in the position of the
touch input relative to an adjacent surface between the two
sampling periods; and output this global position change as
a cursor vector (or cursor position command, etc.) to a
connected computing device.

[0068] In one example of this variation, with the system
placed face-up on a flat surface, such as a desk, a user
holding a stylus in her right hand may place her right palm
on the posterior half of the touch sensor surface 112 and may
then draw the tip of the stylus over the anterior half of the
touch sensor surface 112. The controller 150 can systemati-
cally sample the touch sensor 110, such as at a rate of Hz,
and can implement pattern matching, edge detection, object
recognition, or other techniques to identify the user’s palm
and the tip of the stylus in each “frame” read from the touch
sensor 110. The controller 150 can then reject the user’s
palm as an input and instead output cursor vectors based on
changes in the position of the stylus on the anterior half of
the touch sensor surface 112. However, as the user continues
to draw the stylus across the touch sensor surface 112, the
user may also move the system relative to the desk below.
The controller 150 can thus: track such motion of the system
relative to the desk based on outputs of the movement
sensors; merge such detected positional changes of the
system with changes in the position of the stylus tip on the
touch sensor surface 112 occurring over substantially iden-
tical periods of time (e.g., eight-millisecond durations
between sampling periods) in order to calculate global
positional changes of the stylus tip relative to the desk; and
output a cursor vector (or other cursor motion command)
accordingly. The system may therefore enable a user to draw
on a relatively small (e.g., a 1.8" wide by 3.6" long) touch
sensor surface 112 while also moving the touch sensor 110
over a larger (e.g., a 24"-square desk) area with a single
hand. In particular, the system can merge micro positional
changes of the stylus tip relative to the system and macro
positional changes of the system relative to the desk in order
to calculate a global positional change of the stylus, thereby
enabling the user to draw within a relatively large virtual
area within an application executing on the connected com-
puting device through a relatively small touch sensor surface
112. For example, the system can enable the user to enter a
handwritten line of text 8" wide on a 1.8"-wide touch sensor
surface 112 in to a connected computing device or enter lines
of'a 12"-square sketch in a virtual sketch window via a 1.8"
wide by 3.6" long touch sensor surface 112.

1.12 Cover Layer

[0069] In one variation, the system includes a cover layer
arranged over the touch sensor surface 112. In this variation,
the cover layer can define a curvilinear and/or deformable
(“e.g., “soft,” low durometer) control surface over the (pla-
nar) touch sensor 110 and can mechanically communicate
inputs on the control surface onto the touch sensor surface
112.

[0070] In one implementation, the cover layer includes a
foam pad of uniform thickness (e.g., 0.025") and uniform
durometer (e.g., Shore 25) faced on a first side in a textile
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(e.g., fabric, leather) and mounted over the touch sensor 110
on an opposing side. In this implementation, the touch
sensor 110 can define a relatively rigid structure (e.g., Shore
80 or greater), and the cover layer can define a relatively
supple (e.g., deformable, flexible, elastic, compressible)
layer over the touch sensor 110. The textile can thus define
a control surface offset above the touch sensor surface 112
by the foam pad, and the foam pad (and the textile) can
compress between a finger and the touch sensor surface 112
as a user depresses the control surface with her finger.
Because the touch sensor 110 is configured to detect a range
of magnitudes of forces applied to the touch sensor surface
112, the touch sensor 110 can detect such input. Also, though
the foam pad may disperse the applied force of the user’s
finger over a greater contact area from the control surface to
the touch sensor surface 112, the controller 150 can sum
input forces calculated at discrete sensor pixels across the
touch sensor 110 to calculate a total force applied to the
control surface. The controller 150 can also calculate the
centroid of a contiguous cluster of discrete sensor pixels that
registered a change in applied force to determine the force
center of the input.

[0071] In the foregoing implementation, the control layer
of the cover layer can also include embossed regions,
debossed regions, decals, etc. that define tactile indicators of
active regions of the touch sensor 110, inactive regions of
the touch sensor 110, functions output by the system in
response to inputs on such regions of the control surface, etc.

[0072] Inanother implementation, the cover layer includes
a pad of varying thickness faced on a first side in a textile
and mounted over the touch sensor 110 on an opposing side.
In one example, the pad includes a foam structure of uniform
durometer and defining a wedge profile that tapers from a
thick section proximal the posterior end of the touch sensor
110 to a thin section proximal the anterior end of the touch
sensor 110. In this example, due to the varying thickness of
the pad, the pad can communicate a force applied near the
posterior end of the control surface into the touch sensor 110
onto a broader area than a force applied near the anterior end
of the control surface; the system can thus exhibit greater
sensitivity to touch inputs applied to the control surface
nearer the anterior end than the posterior end of the control
surface. In another example, the pad similarly includes a
foam structure or other compressible structure defining a
wedge profile that tapers from a thick section proximal the
posterior end of the touch sensor 110 to a thin section
proximal the anterior end of the touch sensor 110 (e.g., as
shown in FIG. 5B). However, in this example, the foam
structure can exhibit increasing durometer from its posterior
end to its anterior end to compensate for the varying
thickness of the pad such that the system exhibits substan-
tially uniform sensitivity to touch inputs across the control
surface.

[0073] However, the cover layer can define any other
uniform thickness or varying thickness over the touch sensor
surface 112. For example, the cover layer can define a
domed or hemispherical profile over the (planar) touch
sensor surface 112. The cover layer can also be faced with
any other textile or other material. The system can then
implement methods and techniques described above to
detect inputs on the control surface—translated onto the
touch sensor surface 112 by the cover layer—and to output
control functions according to these inputs.
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1.13 Mouse Overlays

[0074] In one variation, the system defines a standalone
touch sensor 110 and physically interfaces with two or more
distinct overlays corresponding to different operating modes
of the system, as shown in FIGS. 5A, 5B, 6, and 7. In this
variation, the system and the overlays can define a human-
computer interface “kit.”

[0075] In one implementation, the kit includes a mouse
overlay 164 configured to transiently receive the system and
defining a control surface over the touch sensor surface 112,
such as a planar, domed, hemispherical, or waveform-profile
control surface, as described above. For example, the mouse
overlay 164 can define a curvilinear profile tapering from a
first thickness proximal its posterior end and tapering to a
second, lesser thickness toward its anterior end and sized for
cupping inside a user’s palm with the user’s index and
middle fingers extending toward the anterior end of the
mouse overlay 164, as shown in FIGS. 5A and 5B. In this
example, the mouse overlay 164 can define a control surface
that is embossed, debossed, or of varying texture or surface
profile (e.g., debossed perimeters around a left-click region,
a right-click region, and a scroll wheel region) in order to
tactilely indicate various input regions corresponding to
different commands associated with the mouse overlay 164.
[0076] The mouse overlay 164 can further define a cavity
configured to transiently (i.e., removably) engage the sys-
tem, as shown in FIG. 5B. For example, the mouse overlay
164 can define: a cavity opposite the control surface; and a
retention ring or undercut around the perimeter of the cavity
configured to retain the system in the cavity when the system
is “snapped” into the cavity. Alternatively, the mouse over-
lay 164 can include one or more magnets adjacent the cavity
and configured to magnetically couple to ferrous elements
arranged within the housing 160 (or vice versa) to retain the
system within the cavity. However, the mouse overlay 164
can include any mechanism or feature configured to tran-
siently retain the system on or within the mouse overlay 164.
[0077] Furthermore, the mouse overlay 164 can include
integrated slip feet vertically offset below the cavity. With
the mouse overlay 164 and system assembled, the integrated
slip feet can set and maintain a gap between the movement
sensor 170 on the bottom of the system and a surface on
which the assembly is placed and manipulated. As described
above, each integrated slip foot can be tipped with a smooth,
rigid, and/or relatively low-friction material to enable the
assembly to glide across an adjacent planar surface with
relatively minimal resistance. Each integrated slip foot can
also include a compressible (e.g., foam) structure configured
to mechanically isolate the assembly from the adjacent
planar surface, as described above.

[0078] Therefore, in this implementation, the overlay 164:
can define a three-dimensional ergonomic mouse form; can
be configured to transiently install over the touch sensor
surface 112; and can include an elastic material configured
to communicate a force applied to the overlay 164 surface
downward onto the touch sensor surface 112.

[0079] In another implementation, the kit includes a
remote controller 150 overlay 164, as shown in FIG. 7. The
remote controller overlay can define a rectilinear or curvi-
linear profile sized for grasping—in a user’s palm—in a
portrait orientation with the user’s thumb extending over the
control surface toward the anterior end of the remote con-
troller overlay. The remote controller overlay can also define
a control surface embossed, debossed, or otherwise tactilely
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or visually labeled with indicators for regions corresponding
to different input types, such as: volume UP and volume
DOWN regions; left, right, up, and down scroll regions; a
pause/play region; and/or a select region. Like the mouse
overlay 164, the remote controller overlay can further define
a cavity configured to transiently receive the system. Alter-
natively, the remote controller overlay can include a film
configured for application over the touch sensor surface 112.
For example, the remote controller overlay can include: a
silicone film with embossed, debossed, and/or ink-labeled
areas delineating corresponding command types; and an
adhesive backing configured to transiently adhere the sili-
cone film to the touch sensor surface 112 of the system.

[0080] The kit can further include a gamepad overlay that
similarly defines a planar or curvilinear profile sized for
grasping between a user’s two hands in a landscape orien-
tation with the user’s thumbs extending over the control
surface toward the left or right side of the gamepad overlay,
as shown in FIG. 6. The gamepad overlay can define a
control surface embossed, debossed, or otherwise including
tactile or visual indicators for regions corresponding to
different commands, such as: a right and left analog joystick;
a D-pad; a set of face buttons; a set of left and right shoulder
buttons; a select/back button; a select/forward button; a
menu button, and/or a home button. Like the mouse overlay
and the remote controller overlay, the gamepad overlay can
define a cavity configured to transiently receive and retain
the system. Alternatively, the gamepad overlay can define a
film configured to be transiently applied over the touch
sensor surface 112, as described above.

[0081] The controller 150 can also identify an overlay into
which it has been transiently installed and reconfigure its
outputs—in response to inputs communicated from the
control surface onto the touch sensor surface 112—based on
the type of overlay identified. For example: the system can
include a set of magnetic field (e.g., Hall-effect) sensors;
each overlay in the set can include a unique arrangement of
magnets that face the magnetic field sensors when the
system is installed in the overlay; and the system can
identify an overlay in which it is installed based on outputs
of the magnetic field sensors, retrieve a corresponding
output configuration stored in local memory in the system,
and then output signals—in response to inputs on the control
surface—according to this output configuration. In other
examples, each overlay can include an integrated circuit
encoded with an overlay type; and the system can download
the overlay types from a connected overlay over a wired
connection or via wireless communication protocol, select
an output configuration corresponding to the overlay type,
and output signals accordingly until the system is removed
from the overlay. Similarly, each overlay can include an
integrated circuit encoded with a complete touch sensor
output configuration; and the system can download this
complete output configuration from a connected overlay via
wired or wireless communication protocol and can imple-
ment this output configuration accordingly until the system
is removed from the overlay.

[0082] The system and an overlay in the kit can also define
directional features that permit assembly of the system and
the overlay in a single orientation. For example, the system
can define an extruded rectangular geometry with a notch in
the left corner of its posterior end; and the overlay can define
an extruded rectangular cavity with a corresponding notch in
the left corner of its posterior end that permits the system to
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be installed in the cavity in only one way. The controller can
thus interpret inputs on the control surface of this overlay
based on this known orientation of the overlay relative to the
system. Alternatively, the system can include one or more
sensors (e.g., a Hall effect sensor) that detect the orientation
of the system relative to the overlay (e.g., based on detection
of a magnetic field from a magnet integrated into the
overlay); the control can then populate a command region
layout for the touch sensor surface 112 based on this
detected orientation of the overlay relative to the system.

2. Integrated Trackpad

[0083] As shown in FIG. 11, one variation of the system
for human-computer interfacing includes: a touch sensor
110; a coupler 132; a vibrator 120; a speaker (i.e., the audio
driver 140); and a controller 150. The touch sensor 110
includes: a substrate; an array of sense electrode and drive
electrode pairs 116 patterned across the substrate; and a
resistive layer arranged over the substrate, defining a touch
sensor surface 112 opposite the substrate, and including a
material exhibiting changes in local bulk resistance respon-
sive to variations in magnitude of force applied to the touch
sensor surface 112. The coupler 132 is configured to mount
the substrate to a chassis 130 of a computing device and to
permit movement of the substrate within a vibration plane
parallel to a broad planar face of the substrate. The vibrator
120 is configured to vibrate the substrate within the vibration
plane during a click cycle. The speaker is configured to
replay a click sound during the click cycle. The controller
150 is configured to: trigger the speaker to replay a click and
to trigger the vibrator 120 to vibrate the housing 160 during
a click cycle in response to application of a force exceeding
a threshold force magnitude on the touch surface; and to
output a command in response to application of the force
exceeding the threshold force magnitude on the touch sur-
face

[0084] A similar variation of the system for interfacing a
computer system and a user includes: a touch sensor 110
comprising a touch sensor surface 114, comprising an array
of sense electrode and drive electrode pairs 116 arranged
over the touch sensor surface 114, and defining a touch
sensor surface 112 extending over the array of sense elec-
trode and drive electrode pairs 116; a vibrator 120 coupled
to the touch sensor 110 and configured to oscillate a mass
within a plane parallel to the touch sensor surface 112; a
chassis 130; a coupler 132 interposed between the touch
sensor 110 and the chassis 130 and configured to absorb
displacement of the touch sensor 110 relative to the chassis
130 parallel to the touch sensor surface 112 during activation
of the vibrator 120; an audio driver 140 coupled to the
chassis 130; and a controller 150. In this variation, the
controller 150 is configured to: detect application of a first
input onto the touch sensor surface 112 and a first force
magnitude of the first input at a first time based on a first
change in resistance between a first sense electrode and
drive electrode pair in the touch sensor 110; execute a first
click cycle in response to the first force magnitude exceed-
ing a first threshold magnitude by driving the vibrator 120,
the touch sensor 110 within the chassis 130, and triggering
the audio driver 140 to output the click sound; and output a
first touch image representing a first location and the first
force magnitude of the first input on the touch sensor surface
112 at approximately the first time.
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2.1 Applications

[0085] Generally, in this variation, the system includes
elements and implements methods and techniques described
above to define an human-computer interface device that
detects inputs by a (human) user, transforms these inputs
into machine-readable commands, communicates these
commands to a computing device, and supplies feedback to
the user indicating that an input was detected. In particular,
the system includes a touch sensor 110 through which inputs
are detected, a haptic feedback module (e.g., a speaker and
a vibrator 120) through which feedback is supplied to a user,
and a controller 150 that outputs commands to a connected
computing device based on inputs detected at the touch
sensor 110 and that triggers haptic feedback through the
haptic feedback module.

[0086] The system can be integrated into a computing
device to define a touch sensor surface 112, such as spanning
an integrated trackpad and/or an integrated keyboard, as
shown in FIGS. 12 and 15A-15F. The system detects inputs
on the touch sensor surface 112, such as application of a
finger or stylus that exceeds a threshold minimum applied
force or pressure, and issues audible and vibratory (herein-
after “haptic”) feedback to a user in response to such an
input in order to mimic the auditory and tactile response of
a mechanical snap button that is depressed and released. The
system can thus provide a user with an impression that a
mechanical button was depressed and released though the
system defines a touch sensor surface 112 that is vertically
constrained. When integrated into a computing device, such
as a laptop computer, the system can output keystrokes,
cursor vectors, and/or scroll commands, etc. based on inputs
detected on the touch sensor surface 112, and the computing
device can execute processes or update a graphic user
interface rendered on an integrated display based on such
commands received from the system. Alternatively, the
system can be integrated into a peripheral device, such as a
peripheral keyboard or a peripheral keyboard with integrated
trackpad.

[0087] The system is described herein as an integrated
human-computer interface component that detects user
inputs, provides haptic feedback to the user in response to
user inputs, and outputs commands to another processing
unit or controller 150 within the integrated computing
device based on these user inputs. However, the system can
alternatively define standalone or peripheral devices that can
be connected to and disconnected from a computing device
and can, when connected, output commands to the comput-
ing device based on inputs detected on the touch sensor
surface 112. For example, the system can define a remote
controller 150, a game controller 150, a landline phone, a
smartphone, or a wearable, etc.

2.2 Integration

[0088] In this variation, the system is integrated into a
computing device (e.g., rather than defining a peripheral
interface device configured to transiently connect to a com-
puting device). In one implementation, the system can
function as an integrated trackpad adjacent a keyboard in a
laptop computer. In this implementation, the touch sensor
surface 112 and the vibrator 120 can be mechanically
isolated from a structure of a computing device in order to
substantially preserve communication of vibrations through
the touch sensor surface 112 during a click cycle. For
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example, the housing 160—including the vibrator 120 and
the sense and drive electrodes and the supporting touch
sensor 110—can be isolated on its top, bottom, and/or sides
by compressible foam pads that suspend the housing 160
from a casing of the computing device. In another example,
the housing 160 can be coupled to the casing of the com-
puting device by fluid-filled dampers. Therefore, in this
implementation, the chassis 130 can include a housing 160
of a mobile computing device and define a receptacle 134;
and the coupler 132 can locate the touch sensor 110 within
the receptacle 134. In this implementation, the system can
include an audio driver 140, as described above, arranged in
the housing 160 and thus mechanically isolated from the
structure of the computing device; the computing device can
thus include a primary speaker (or a set of primary speakers)
and can include the system that includes a secondary speaker
that replays a click sound—independently of the primary
speakers—during a click cycle to mimic the sound of an
actuated mechanical snap button. Alternatively, in this
implementation, the system can exclude a speaker, and the
controller 150 can replay a click sound through one or more
primary speakers integrated into the computing device.

2.3 Touch Sensor+Controller

[0089] In this variation, the touch sensor 110 and control-
ler 150 can include elements and execute functions similar
to those above to detect inputs and magnitudes of inputs over
the touch sensor surface 112, such as based on changes in
resistance between sense electrode and drive electrode pairs
in the touch sensor 110.

[0090] Furthermore, the controller 150 can be arranged on
the substrate of the touch sensor 110 to form a fully
contained touch sensor 110 that: receives power from the
connected computing device; detects inputs on the touch
sensor surface 112; outputs haptic feedback, such as in the
form of a mechanical vibration and sound, in response to
detected inputs; and outputs commands corresponding to
detected inputs on the touch sensor surface 112. Alterna-
tively, all or portions of the controller 150 can be remote
from the substrate, such as arranged within the connected
computing device and/or physically coextensive with one or
more processors with other controllers within the computing
device.

2.4 Haptic Feedback Module

[0091] In this variation, the system includes a vibrator 120
and a speaker, as described above. For example, the vibrator
120 can include a mass coupled to an oscillating linear
actuator that, when activated, oscillates the mass along a
single actuation axis. In this example, the vibrator 120 can
be coupled to the substrate with the actuation axis of the
vibrator 120 parallel to the vibration plane of the system, and
the coupler 132 can constrain the substrate in all but one
degree of translation substantially parallel to the actuation
axis of the vibrator 120. In another example, the vibrator 120
includes an eccentric mass coupled to a rotary actuator that
rotates the eccentric mass about an axis of rotation when
actuated. In this example, the vibrator 120 can be coupled to
the substrate with the axis of rotation of the vibrator 120
perpendicular to the vibration plane of the system, and the
coupler 132 can constrain the substrate in all but two degrees
of translation normal to the axis of rotation of the vibrator
120. Alternatively, the vibrator 120 can include a mass on an
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oscillating diaphragm or any other suitable type of vibratory
actuator. The vibrator 120 can also include a piezoelectric
actuator, a solenoid, an electrostatic motor, a voice coil, or
an actuator of any other form or type configured to oscillate
a mass.

[0092] As described above, the system also includes a
speaker (or buzzer or other audio driver 140) configured to
output a “click” sound during a click cycle. In this variation,
the speaker can be arranged on the substrate and move with
the substrate during a click cycle. In this implementation, the
resistive layer can include one or more perforations that
define a speaker grill over the speaker, and the speaker can
output sound through the perforation(s) to a user. Alterna-
tively, the perimeter of the resistive layer can be offset inside
a receptacle 134 in the computing device in which the
substrate and resistive layer are housed in order to form a
gap between the computing device and the resistive layer,
and the speaker can output sound that is communicated
through this gap to a user. For example, the speaker can be
arranged on the substrate opposite the touch sensor surface
112; and the touch sensor surface 112 can define a trackpad
surface inset from one or more edges of the receptacle 134
to form a gap configured to pass sounds output by the
speaker.

[0093] Alternatively, the speaker can be arranged remotely
from the substrate. For example, the speaker can define a
discrete (e.g., a primary) speaker arranged within the com-
puting device’s chassis 130. In these examples, the comput-
ing device can thus include a primary speaker (or a set of
primary speakers), and the system—integrated into the com-
puting device—can include a secondary speaker that replays
a click sound—independently of the primary speakers—
during a click cycle to mimic the sound of an actuated
mechanical snap button. Alternatively, the speaker can be
physically coextensive with the primary speaker of the
computing device, and the primary speaker can output both
a “click” sound and recorded and live audio (e.g., music, an
audio track of a video replayed on the computing device,
live audio during a video or voice call) substantially simul-
taneously.

[0094] Furthermore, when an audio system within the
computing device is muted by a user, the computing device
can mute all audio output from the computing device except
“click” sounds in response to inputs on the touch sensor
surface 112. Similarly, the computing device can trigger the
speaker to output “click” sounds at a constant decibel level
(or “loudness”) regardless of an audio level set at the
computing device in order to maintain a substantially uni-
form “feel” of an input on the touch sensor surface 112
despite various other functions executed by and settings on
the computing device. Therefore, in this implementation in
which the speaker is integrated into the computing device
(e.g., mounted to the chassis 130 remotely from the touch
sensor 110) and defines a primary speaker in the mobile
computing device, the controller 150 is configured to trigger
the audio driver 140 to output the click sound at a static,
preset volume independent of a global volume setting of the
mobile computing device.

2.5 Coupler

[0095] The coupler 132 is configured to mount the sub-
strate to a chassis 130 of a computing device and to permit
movement of the substrate within a vibration plane parallel
to a broad planar face of the substrate. Generally, the coupler
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132 constrains the substrate against the chassis 130 of a
computing device (e.g., a laptop computer) but permits the
substrate, the vibrator 120, and the resistive layer to oscillate
within a plane substantially parallel to the touch sensor
surface 112 during a click cycle.

[0096] Inone example in which the vibrator 120 oscillates
a mass linearly along an X-axis of the system perpendicular
to the Z-axis and parallel to the vibration plane, the coupler
132 can (approximately) constrain the substrate in five
degrees of freedom, including rotation about any axis and
translation along both the Y- and Z-axes of the system, and
the coupler 132 can permit the substrate to translate (sub-
stantially) only along the X-axis of the system when the
vibrator 120 is actuated during a click cycle. In another
example in which the vibrator 120 includes an eccentric
mass coupled to the output shaft of a rotary actuator and in
which the output shaft of the rotatory actuator is normal to
the touch sensor surface 112 (i.e., parallel to a Z axis of the
system), the coupler 132 can (approximately) constrain the
substrate in four degrees of freedom, including rotation
about any axis and translation along the Z axis, and the
coupler 132 can permit the substrate to translate along X and
Y axes of the system (i.e., in a plane parallel to the touch
sensor surface 112) when the vibrator 120 is actuated during
a click cycle.

[0097] In one implementation, the chassis 1,0 of the
computing device defines a receptacle 134 (e.g., a cavity)
configured to receive the system, and the coupler 132
functions to locate the substrate and the resistive layer
within the receptacle 134. The chassis 130 of the computing
device can also define an overhang that extends over and
into a receptacle 134 to form an undercut around the cavity,
and the coupler 132 can mount the substrate to the underside
of the overhang, such as via one or more mechanical
fasteners, grommets, or an adhesive.

[0098] In one variation, the touch sensor 110 includes a
touch sensor surface 114 that extends across the back side of
the substrate and that functions to support the substrate
against deflection out of the vibration plane, such as due to
a downward force applied to the touch sensor surface 112.
In this variation, the touch sensor surface 114 can include a
fiberglass plate, a metal (e.g., aluminum) plate, a fiber-filled
polymer plate, or a plate of any other material and can be
bonded to the substrate or fastened to the substrate, such as
with a mechanical fastener or grommet, and the touch sensor
surface 114 can be coupled or fastened to the computing
device chassis 130 to mount the substrate and resistive layer
within the receptacle 134.

[0099] Alternatively, the substrate can be of a rigid mate-
rial and/or of a thickness such that the substrate is suffi-
ciently rigid to resist substantial deformation out of the
vibration plane when a typical load is applied to the touch
sensor surface 112. For example, the substrate can include a
3 mm-thick fiberglass or carbon fiber PCB. The substrate can
additionally or alternatively include one or more steel,
copper, or aluminum ribs soldered or riveted to the back side
of the substrate and spanning the length and/or width of the
substrate to improve rigidity of the substrate. The substrate
can thus be of a material and geometry and/or can include
additional strengthening elements to increase the rigidity of
the substrate in the vibration plane but without adding
substantial mass to the substrate and resistive layer assem-
bly: in order to improve the responsiveness of the system
due to reduced absorption of vibration by the rigid substrate;
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and in order to increase the displacement of the substrate and
resistive layer assembly per stroke of the vibrator 120 during
a click cycle.

2.5.1 Grommets

[0100] Inone implementation, the coupler 132 mounts the
substrate (or the touch sensor surface 114) to the computing
device receptacle 134 via elastic grommets (e.g., “vibration-
damping snap-in unthreaded spacers™). In one example
shown in FIGS. 13D, 13E, 17A, and 17B, the coupler 132
includes one cylindrical grommet—including two necks—
inserted into a bore at each corner of the substrate with the
upper necks of the grommets engaging their corresponding
bores in the substrate. In this example, for each grommet, the
coupler 132 also includes a rigid tab, such as a metal or
fiberglass tab, including a first bore that engages the lower
neck of the grommet and a second bore laterally offset from
the first bore and configured to mount to the computing
device chassis 130 via a fastener, such as a screw, a nut, or
arivet. In this example, the rigid tabs can also be connected,
such as to form a rigid frame that encircles the perimeter of
the substrate or in the form of a rigid plate that spans the
back side of the substrate. In this example, each grommet
includes an enlarged section between the upper and lower
necks that vertically offsets the substrate above the tabs (or
above the rigid frame, above the rigid plate) and that permits
the substrate to move laterally relative to the tabs (or relative
to the rigid frame, relative to the rigid plate) while vertically
supporting the substrate. In this example, each grommet can
be of silicone, rubber, or any other flexible or elastic material
and can be characterized by a durometer sufficient to permit
lateral deflection of the grommets due to oscillation of the
vibrator 120 during a click cycle but to limit compression of
the grommets under typical loads, such as when one or two
human hands are rested on the touch sensor surface 112
and/or when two hands enter keystrokes (e.g., “type”) across
the touch sensor surface 112.

[0101] Inanother example shown in FIG. 13F, the coupler
132 includes one cylindrical grommet—including a single
neck—inserted into a bore at each corner of the substrate. In
this example, the coupler 132 also includes one rigid tab per
grommet or a rigid frame or rigid plate that spans the
substrate. The tabs, frame, or plate are installed behind the
substrate to constrain the grommets vertically against the
computing device chassis 130. During a click cycle, the
grommets can thus bend or flex to enable the substrate to
move within the vibration plane as the vibrator 120 is
actuated. The computing device chassis 130 and/or the tabs,
frame, or plate can also include grommet recesses config-
ured to receive ends of the grommets and to locate the
grommets laterally and longitudinally within the computing
device receptacle 134. Each grommet recess can define a
cylindrical recess oversized for the cylindrical grommets to
enable the grommets to move both laterally and longitudi-
nally, thereby enabling the substrate to move both laterally
and longitudinally within the vibration plane during a click
cycle. Similarly, each grommet recess can define an elon-
gated (or “lozenge”™) recess that enables the grommets to
move only laterally (or only longitudinally) within the
grommet recesses, thereby enabling the substrate to move
laterally (or longitudinally) within the vibration plane during
a click cycle.

[0102] In this implementation, a grommet can thus define
a solid flexible body. Alternatively, a grommet can include
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a rigid or elastic body and a flexure arranged inside (or
outside) of the body. In this implementation, the grommet
can couple the substrate (or touch sensor surface 114) to the
computing device chassis 130, and the flexure can be
configured to move relative to the body to enable the
substrate to shift laterally and/or longitudinally relative to
the chassis 130. Alternatively, the system can include one or
more fluid-filled and/or ribbed grommets that permit greater
compression and compliance. For example, the grommet can
include a set of internal radial ribs the permit greater
deflection in the vibration plane than out of the vibration
plane.

[0103] Therefore, in this implementation: the vibrator 120
can be coupled to the touch sensor surface 114 of the touch
sensor 110 (e.g., proximal a center of the touch sensor no)
and can include a linear actuator configured to oscillate the
mass along a vector parallel to the touch sensor surface 112
and parallel to an edge of the touch sensor 110; and the
coupler 132 can include a grommet extending from the
chassis 130 of the mobile computing device and passing
through a mounting bore in the touch sensor surface 114,
configured to vertically constrain the touch sensor surface
114 relative to the chassis 130, and exhibiting elasticity in a
direction parallel to the touch sensor surface 112. However,
in this implementation, the coupler 132 can include any
other number of grommets in any other configuration. For
example, the coupler 132 can include: three grommets in a
triangular configuration; four grommets in a square configu-
ration with one grommet in each corner of the substrate or
touch sensor surface 114; or six grommets with one grom-
met in each corner of the substrate (or in the touch sensor
surface 114) and one grommet centered along each long side
of the substrate (or along each long side of the touch sensor
surface 114). The system can thus define a complete human-
computer interface subsystem that can be installed in a
computing device receptacle 134 with a limited number of
fasteners or with an adhesive.

2.5.2 Isolators

[0104] In another implementation shown in FIG. 13 A, the
coupler 132 includes elastic isolators bonded to the back
side of the substrate (or to the back side of the touch sensor
surface 114) and to a surface within the computing device
receptacle 134. In one example, the coupler 132 includes a
set of (e.g., four) silicone buttons bonded to the back side of
the touch sensor surface 114 on one side and bonded to the
bottom of the computing device receptacle 134. In this
example, the silicone buttons can be in compression when a
force is applied to the touch sensor surface 112; the silicone
buttons can therefore define a geometry and a modulus of
elasticity sufficient to substantially resist compression when
a force is applied to the touch sensor surface 112 but to also
enable the substrate to translate in the vibration plan during
a click cycle. Alternatively, in this implementation, the
coupler 132 can include elastic isolators bonded to the top of
the substrate (or to the top of the touch sensor surface 114)
and bonded to the underside of the top of the C-side of the
computing device extending into the computing device
receptacle 134, and the elastic isolators can suspend the
substrate within the receptacle 134.

2.5.3 Spring Clips

[0105] In another implementation shown in FIG. 13C, the
coupler 132 includes a set of spring clips that couple the
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substrate (or the touch sensor surface 114) to the computing
device chassis 130. In one example, the coupler 132 includes
a set of (e.g., four) spring clips in spring steel and that each
define a substantially vertical section interposed between
two substantially horizontal tabs to form a Z-section or a
C-section. In this example, the upper tab of each spring tab
is fixed (e.g., riveted) to the chassis 130 of the computing
device, and the lower tab of each spring tab is similarly fixed
to one corner of the substrate with the broad faces of all
center sections in the set of spring clips in parallel. In this
example, the spring clips can be in tension and can suspend
the substrate from the chassis 130 but can lozenge to permit
the substrate to move along a single axis in the vibration
plane.

2.5.4 Foam Wrap

[0106] In another implementation shown in FIG. 13G, the
coupler 132 includes: a first foam section wrapped from the
top of the substrate to the bottom of the substrate along one
edge of the substrate; a second foam section wrapped from
the top of the substrate to the bottom of the substrate along
the opposing edge of the substrate; and a set of clamps that
fasten to the computing device chassis 130 and constrain the
foam sections against the chassis 130. For example, each
foam section can include a closed-cell silicone foam and can
be adhered to the substrate (or the silicone backing) on both
the top and bottom sides of the substrate. Alternatively, the
substrate can be detached from (e.g., not adhered) to the
foam sections and can thus translate relative to the foam
sections during a click cycle. Each clamp can include a clip
configured to fasten to the computing device chassis 130,
such as with a rivet, screw, or other mechanical fastener, and
to compress an adjacent foam section—wrapped around an
edge of the substrate—against the computing device chassis
130. Furthermore, in this implementation, the computing
device receptacle 134 can be oversized in length and/or
width such that the substrate is not over-constrained by the
receptacle 134 and such that the substrate can move within
the vibration plane during a click cycle.

2.5.5 Bearings

[0107] In yet another implementation shown in FIG. 13B,
the coupler 132 mounts the substrate (or the touch sensor
surface 114) to the computing device chassis 130 via a set of
bearings. In one example, the computing device receptacle
134 can include multiple bearing receivers, the substrate can
include one bearing surface vertically aligned with each
bearing receiver and arranged across the back side of the
substrate opposite the touch sensor surface 112, and the
coupler 132 can include one ball bearing arranged in each
bearing receiver and configured to vertically support the
substrate at corresponding bearing surfaces on the back side
of the substrate.

[0108] In another example, the computing device recep-
tacle 134 defines 24 bearing receivers arranged in a 3x8 grid
array spaced along the back side of the substrate, and the
coupler 132 includes one ball bearing arranged in each
bearing receiver. In this example, the bearings can support
the substrate (or the touch sensor surface 114) with a limited
maximum span between adjacent bearings in order to limit
local deflection of the substrate when a load (of a typical
magnitude) is applied to the touch sensor surface 112. The
coupler 132 can thus include multiple bearings that function
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as a thrust bearing to vertically support the substrate. How-
ever, in this implementation, the computing device can
include any other number of bearings arranged in any other
way.

[0109] In this implementation, each bearing receiver can
define a hemispherical cup that constrains a ball bearing in
translation, and the substrate can include steel or polymer
planar bearing surfaces soldered, adhered, or otherwise
mounted to the back side of the substrate (or the back side
of the touch sensor surface 114) and configured to mate with
an adjacent ball bearing at a point of contact, as shown in
FIG. 13H. Alternatively, each bearing surface mounted to
the substrate (or on the touch sensor surface 114) can define
a linear track (e.g., a V-groove), wherein all linear tracks in
the set of bearing surfaces are parallel such that the substrate
can translate in a single direction parallel to the linear tracks
and in the vibration plane during a click cycle (or vice
versa), as shown in FIG. 13B. The bearing receivers and
bearing surfaces can also define similar and parallel linear
tracks that constrain the substrate to translate along a single
axis, or the bearing receivers and bearing surfaces can define
similar but perpendicular linear tracks that enable the sub-
strate to translate along two axes in the vibration plate.
Furthermore, each bearing receiver can be packed with a wet
or dry lubricant (e.g., graphite).

[0110] In this implementation, the coupler 132 can alter-
natively include one or more linear bearing or linear slides
that similarly constrain the substrate to linear translation
along only one or two axes.

[0111] Furthermore, the coupler 132 can incorporate one
or more bearings with any of the foregoing implementations
to provide additional support to the substrate (or to the touch
sensor surface 114). For example, if the substrate is arranged
in a receptacle 134 spanning a large width and/or large
length relative to the thickness and rigidity (e.g., modulus of
elasticity) of the substrate (or of the touch sensor surface
114): the computing device receptacle 134 can include one
or more bearing receivers; the substrate can include one
bearing surface aligned with each bearing receiver in the
computing device receptacle 134 on the back side of the
substrate opposite the resistive layer; and the coupler 132
can include four spring clips suspending each of the four
corners of the substrate from the chassis 130 and one ball
bearing arranged in each bearing receiver and configured to
vertically support the substrate at corresponding bearing
surfaces on the back side of the substrate.

2.5.6 Flexure

[0112] In another implementation shown in FIG. 13H, the
coupler 132 defines a flexure coupled to or integrated into
the substrate (or the touch sensor surface 114). For example,
sections along the perimeter of the substrate can be removed,
such as by routing, to form a set of serpentine or boustro-
phedic beams extending from a center section of the sub-
strate. In this example, the distal end of each beam can be
fastened to the computing device chassis 130, such as with
a rivet or with a threaded fastener, to couple the substrate to
the chassis 130 but to enable the substrate to translate
laterally and/or longitudinally in the vibration plane relative
to the computing device. In this example, the coupler 132
can also include one or more bearings, as described above,
to vertically support the center section of the substrate
against inward deflection upon application of a force to the
touch sensor surface 112.
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2.6 Vibrator Variation

[0113] In one variation shown in FIG. 16 the vibrator 120
includes a magnetic coil mounted to the substrate (or to the
touch sensor surface 114) and a magnetic (or otherwise
ferrous) element coupled to the chassis 130 of the computing
device (or vice versa). For example, the magnetic element
can be potted into a recess in the computing device chassis
130 in order to reduce the total height of the system and
computer system. Alternatively, the vibrator 120 can
include: a magnetic coil arranged within a recess in the
computing device chassis 130; and a magnetic element
fastened (e.g., riveted, bonded, soldered) to the substrate.
During a click cycle, the controller 150 drives the magnetic
coil with an alternating current, which causes the magnetic
coil to output an alternating magnetic field that magnetically
couples to the magnetic element, such as similar to a
voice-coil, thereby oscillating the substrate in the vibration
plane and relative to the chassis 130 in Block S120. In this
variation, the substrate (or touch sensor surface 114) and be
suspended from the chassis 130 as described above.

[0114] Alternatively, the system can include a piezoelec-
tric actuator, a solenoid, an electrostatic motor, a voice coil,
a speaker, or an actuator of any other type arranged between
the substrate (or touch sensor surface 114) and the comput-
ing device chassis 130 and configured to oscillate the
substrate laterally (or longitudinally) in the vibration plane,
as shown in FIG. 17A.

2.7 Touch Sensor Surface Junction

[0115] In one implementation, the resistive layer extends
past the perimeter of the substrate to meet an outer surface
of the computing device chassis 130. For example, the
resistive layer can extend from a perimeter of the substrate,
past a junction between the substrate and the computing
device receptacle 134, to a perimeter of the top surface of the
computing device chassis 130 in order to form a continuous
surface across the C-side of the computing device. In this
implementation, the resistive layer can also define a thin
region or “neck” where the resistive layer spans a junction
between the substrate and the computing device receptacle
134 in order to dampen oscillation of the substrate during a
click cycle and/or to limit mechanical resistance to transla-
tion of the substrate within the vibration plane during a click
cycle.

[0116] In another implementation, the resistive layer
extends up to but not (substantially) beyond the perimeter of
the substrate. In this implementation, the system can further
include a soft seal (e.g., a molded silicone ring) arranged
between the outer edge of substrate and the interior wall of
the computing device receptacle 134 to prevent ingress of
dirt, moisture and/or other debris between the system and the
computing device receptacle 134. Alternatively, a seal can
be integrated into the resistive layer, such as in the form of
a ridge or bellows section molded into the perimeter of the
resistive layer; the resistive layer can thus extend beyond a
perimeter of the substrate but a short distance sufficient to
bridge and to seal the junction between the substrate and the
computing device receptacle 134.

[0117] However, the system can include any other ele-
ments or features to close or seal the junction between the
substrate and the computing device receptacle 134.
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2.8 Trackpad+Keyboard

[0118] In one variation in which the computing device
defines a laptop computer, the computing device includes a
receptacle 134 spanning substantially the full width and
length of its C-side, the system can define both a trackpad
region and a keyboard region, as shown in FIGS. 12, 15A,
15B, 15C, 15D, and 15F. In this variation, the controller 150
can implement the foregoing methods and techniques to
respond to inputs on the trackpad region by triggering a click
cycle and outputting a click command, a cursor vector, or a
scroll command, etc. In this variation, the controller 150 can
also designate discrete key regions of a keyboard (e.g., 26
alphabetical key regions, 10 numeric key regions, and
various punctuation and control keys) and can trigger a click
cycle and output a keystroke command in response to a
detected input on a corresponding discrete key region of the
keyboard.

[0119] In one implementation, the touch sensor surface
112 defines a continuous surface across the keyboard and
trackpad regions, and the system includes key designators
(e.g., alphanumeric characters, punctuation characters)
printed onto or otherwise applied to discrete key regions
across the keyboard region of the touch sensor surface 112,
such as a white ink screen-printed across the touch sensor
surface 112. In this implementation, the system can also
include borders for the discrete key regions and/or for the
trackpad region designated in such ink. The system can
additionally or alternatively include key designators and/or
region designators embossed or debossed across the touch
sensor surface 112 to enable a user to tactilely discriminate
between various regions across the touch sensor surface 112.
Yet alternatively, the system can include a keyboard overlay
164—including visually- or mechanically-distinguished dis-
crete key regions—installed over the keyboard region of the
touch sensor surface 112 to define commands or inputs
linked to various discrete input regions within the keyboard
region. In this implementation, the keyboard overlay 164
can be transiently installed on (i.e., removable from) the
keyboard region of the touch sensor surface 112, such as to
enable a user to exchange a first keyboard overlay 164
defining a QWERTY keyboard layout with a second key-
board overlay 164 defining an AZERTY keyboard layout. In
this implementation, depression of a discrete key region of
an overlay 164 placed over the keyboard region of the touch
sensor surface 112 can locally compress the resistive layer,
which can modify the bulk resistance and/or the contact
resistance of the resistive layer on the drive and sense
electrodes; and the controller 150 can register such change
in bulk resistance and/or contact resistance of the resistive
layer as an input, associate a particular keystroke with this
input based on the location of the input, output the keystroke
to a processing unit within the computing device, and trigger
a click cycle.

[0120] In this variation, the trackpad region can be inter-
posed between the keyboard region and a near edge of the
C-side of the computing device and may run along a
substantial portion of the width of the keyboard region such
that a user may rest her palms on the trackpad when typing
on the keyboard. During operation, the controller 150 can
characterize an input on the trackpad as a palm and reject
such an input in favor of inputs on the keyboard region in
order to record keystrokes rather than cursor movements
when a user is typing on the keyboard region. For example,
the controller 150 can implement pattern matching or tem-
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plate matching techniques to match one or more input areas
detected on the trackpad region of the touch sensor surface
112 with one or two palms, and the controller 150 can reject
these inputs. In this example, the controller 150 can confirm
identification of an input area as corresponding to a resting
palm (e.g., confirm a match between an input area and a
labeled palm template) in response to detection of one or a
sequence of inputs (e.g., “keystrokes”) on the keyboard
region of the touch sensor surface 112; and vice versa. The
system can also capture input areas on the trackpad region,
store these input areas as new template images, label these
new template images as indicative of a resting palm or not
indicative of a resting palm based on detection of a key-
stroke on the keyboard area following within a threshold
time (e.g., three seconds) of detection of an input area on the
trackpad region. However, the controller 150 can implement
any other palm rejection methods or techniques and can
implement any other method or technique to automatically
train a palm rejection model.

[0121] Furthermore, the system can transform an input
detected within the trackpad region of the touch surface as
one of various commands, such as based on the initial
location, final location, speed, force (or pressure) magnitude,
etc. of the input on the touch surface. For example, the
controller 150 can interpret an input on the touch surface as
one of a click, deep click scroll, zoom, and cursor motion
commands based on methods and techniques described
above. In this example, the controller 150 can interpret a first
force applied to the trackpad region—up to a first depression
threshold magnitude defining a click input within the track-
pad region—followed by release of the first force from the
trackpad region (i.e., to less than a first release threshold
magnitude less than the first depression threshold magni-
tude) as a selection (or “left click”) input. The controller 150
can then output a selection (or “left click™) command and
execute a “down” click cycle and then an “up” click cycle
accordingly, such as through a first vibrator 120 under the
trackpad region of the touch sensor surface 112.

[0122] Similarly, the controller 150 can interpret a second
force applied to the trackpad region—up to a second depres-
sion threshold magnitude defining a “deep” click (or “right
click”) input within the trackpad region—followed by
release of the second force from the trackpad region (i.e., to
less than the first release threshold magnitude) as a “deep
click” input. The controller 150 can then output a “deep
click” (or “right click”) command and execute a “deep
down” click cycle and then an “up” click cycle accordingly
through the first vibrator 120.

[0123] Furthermore, the controller 150 can interpret a
third force applied to the keyboard region—up to a third
depression threshold magnitude defining a click input within
the keyboard region (e.g., less than the first depression
threshold magnitude)—as a keystroke for a character
assigned to the location of the third force on the touch sensor
surface 112; the controller 150 can then output this key-
stroke and execute a single “down” click cycle through a
second vibrator 122 under the keyboard region of the touch
sensor surface 112. The controller 150 can repeatedly output
the keystroke until release of the third force from the
keyboard region (i.e., to less than a second release threshold
magnitude less than the second depression threshold mag-
nitude) is detected and then execute an “up” click cycle
accordingly.
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[0124] The controller 150 can also interpret two distinct
touch inputs moving toward one another or moving away
from one another on the touch sensor surface 112 as a
zoom-out input or as a zoom-in input, respectively. Further-
more, the controller 150 can generate a cursor vector based
on a speed and direction of an input moving across the touch
sensor surface 112 and output these cursor vectors to a
processing unit or other controller 150 within the computing
device substantially in real-time.

[0125] However, the controller 150 can detect any other
inputs of any other form or type on the touch sensor surface
112 and respond to these inputs in any other way.

2.9 Multiple Vibrators

[0126] In the foregoing implementation, the system can
include multiple speakers and multiple vibrators and can
selectively trigger click cycles at the speakers and vibrators
in response to inputs on both the trackpad region and the
keyboard region. In one example in which the controller 150
triggers a motor driver to drive a vibrator 120 for a target
click duration of 250 milliseconds during a click cycle, the
system can include three vibrators—coupled to the substrate
opposite the touch sensor surface 112—in order to support
a human keystroke speed up to 480 keystrokes per minute
(i.e., 8 Hz keystroke input rate). In this example, the vibrator
120 can be arranged in a tight cluster on the back side of the
substrate, such as proximal the center of the substrate, and
the controller 150 can default to triggering a primary vibra-
tor 120 to execute a click cycle in response to a next input
on the keyboard region. However, if the primary controller
150 is still completing a click cycle when a next input on the
touch sensor surface 112 is detected or if the primary
vibrator 120 has completed a click cycle in less than a
threshold pause time (e.g., milliseconds) upon receipt of the
next input, the controller 150 can trigger a secondary vibra-
tor 120 to execute a click cycle in response to this next input.
In this example, the controller 150 can implement similar
methods to trigger a tertiary vibrator 120 to execute a click
cycle in response to a next input if the primary and second-
ary vibrators are still completing click cycles upon receipt of
the next input. Alternatively, the controller 150 can sequen-
tially actuate a first vibrator 120, a second vibrator 122, and
a third vibrator 120 as inputs are detected on the touch
sensor surface 112. Yet alternatively, in this implementation,
the vibrators can be distributed across the back surface of the
substrate, such as one vibrator 120 in each of three equi-
width column regions on the back side of the substrate, and
the controller 150 can selectively trigger a vibrator 120—
nearest a detected input on the touch sensor surface 112 and
currently static and outside of pause time—to execute a click
cycle in response to detection of the input.

[0127] The controller 150 can implement similar methods
and techniques to trigger one or more speakers within the
system or within the computing device to execute a click
cycle in response to an input detected on the touch sensor
surface 112. For example, the system can include one or
more discrete speakers coupled to (e.g., mounted on) the
substrate. Alternatively, the controller 150 can trigger one or
more speakers (e.g., one or more audio monitors) integrated
into the computing device or another speaker or audio drive
remote from the substrate to execute a click cycle in
response to a detected input on the touch sensor surface 112.
[0128] In another implementation, the system includes: a
first vibrator 120 arranged under a first region of the touch
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sensor surface 112; and a second vibrator 122 arranged
under a second region of the touch sensor surface 112
adjacent and distinct from the first region of the touch sensor
surface 112. In this implementation, the controller 150 can:
selectively actuate the first vibrator 120 in response to
detection of a first force on the touch sensor surface 112
exceeding a first threshold magnitude assigned to the first
region; and selectively actuate the second vibrator 122 in
response to detection of a second force on the touch sensor
surface 112 exceeding a second threshold magnitude
assigned to the second region; wherein the first and second
thresholds are identical or unique, such as set manually by
a user or set automatically by the controller 150 based on
unique commands assigned to the first and second regions.
In this implementation, the controller 150 can also trigger a
single speaker to output a click sound response to such input
on both the first and second regions. Alternatively, the
system can include a first speaker adjacent the first region of
the touch sensor surface 112 and a second speaker adjacent
the second region of the touch sensor surface 112; and the
controller 150 can selectively trigger the first and second
speakers to replay the click sound when such inputs are
detected on the left and right regions of the touch sensor
surface 112, respectively. In this implementation, the con-
troller 150 can also implement hysteresis methods described
above to selectively actuate the left and right vibrators
during “up” click cycles when detected forces applied to the
left and right regions of the touch sensor surface 112 drop
below common or unique retraction thresholds assigned to
these regions.

[0129] However, the controller 150 can implement any
other method or technique to detect and to respond to inputs
on the trackpad and keyboard regions. Furthermore, the
system can implement methods and techniques described
above to vibrate the substrate in a direction substantially
normal to the touch sensor surface 112 (i.e., out of the
vibration plane described above.)

2.10 Additional Sensing

[0130] In one variation, the system includes a capacitive
sensor, optical sensor, magnetic displacement sensor, strain
gauge, FSR, or any other sensor coupled to the chassis 130
and/or to the substrate and configured to detect displacement
of the substrate in the vibration (e.g., X-Y) plane responsive
to a force applied to the touch sensor surface 112. The
controller 150 can then output a command based on such
in-plane displacement or force applied to the touch sensor
surface 112.

[0131] Similarly, the system can include a capacitive sen-
sor, optical sensor, magnetic displacement sensor, strain
gauge, FSR, or any other sensor coupled to the chassis 130
and/or to the substrate and configured to detect absolute
displacement of the substrate out of the vibration plane (i.e.,
along a Z-axis), as shown in FIG. 13B. In this variation, the
controller 150 can transform a determined absolutely dis-
placement of the substrate into an absolute magnitude of a
force applied to the touch sensor surface 112 based on a
known spring constant of the coupler 132. The controller
150 can then compare this absolute force magnitude to
relative force magnitudes of objects in contact with the
touch sensor surface 112 in order to calculate the absolute
force magnitude of each object in contact with the touch
sensor surface 112 at any one time. The controller 150 can



US 2017/0285848 Al

then output a command for one or more touch inputs on the
touch sensor surface 112 accordingly.

[0132] However, the system can be incorporated into any
other type of computing device in any other way.

[0133] The systems and methods described herein can be
embodied and/or implemented at least in part as a machine
configured to receive a computer-readable medium storing
computer-readable instructions. The instructions can be
executed by computer-executable components integrated
with the application, applet, host, server, network, website,
communication service, communication interface, hard-
ware/firmware/software elements of a user computer or
mobile device, wristband, smartphone, or any suitable com-
bination thereof. Other systems and methods of the embodi-
ment can be embodied and/or implemented at least in part as
a machine configured to receive a computer-readable
medium storing computer-readable instructions. The
instructions can be executed by computer-executable com-
ponents integrated by computer-executable components
integrated with apparatuses and networks of the type
described above. The computer-readable medium can be
stored on any suitable computer readable media such as
RAMs, ROMs, flash memory, EEPROMs, optical devices
(CD or DVD), hard drives, floppy drives, or any suitable
device. The computer-executable component can be a pro-
cessor but any suitable dedicated hardware device can
(alternatively or additionally) execute the instructions.
[0134] As a person skilled in the art will recognize from
the previous detailed description and from the figures and
claims, modifications and changes can be made to the
embodiments of the invention without departing from the
scope of this invention as defined in the following claims.

I claim:

1. A system for interfacing a computer system and a user

comprising:
a touch sensor comprising a rigid backing, comprising an
array of sense electrode and drive electrode pairs
arranged over the rigid backing, and defining a touch
sensor surface extending over the array of sense elec-
trode and drive electrode pairs;
a vibrator coupled to the touch sensor and configured to
oscillate a mass within a plane parallel to the touch
sensor surface;
a chassis;
a coupler interposed between the touch sensor and the
chassis and configured to absorb displacement of the
touch sensor relative to the chassis parallel to the touch
sensor surface during activation of the vibrator;
an audio driver coupled to the chassis; and
a controller configured to:
detect application of a first input onto the touch sensor
surface and a first force magnitude of the first input
at a first time based on a first change in resistance
between a first sense electrode and drive electrode
pair in the touch sensor;

execute a first click cycle in response to the first force
magnitude exceeding a first threshold magnitude by
driving the vibrator to oscillate the touch sensor
within the chassis and triggering the audio driver to
output the click sound; and

output a first touch image representing a first location
and the first force magnitude of the first input on the
touch sensor surface at approximately the first time.
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2. The system of claim 1, wherein the controller is
configured to:
detect retraction of the first input from the touch sensor
surface and a second force magnitude of the first input
at a second time succeeding the first time based on a
second change in resistance between the first sense
electrode and drive electrode pair; and
execute a second click cycle in response to the second
force magnitude falling below a second threshold mag-
nitude less than the first threshold magnitude.
3. The system of claim 2, wherein the controller is
configured to:
execute the first click cycle by driving the vibrator a first
oscillation frequency and triggering the audio driver to
output a click sound at a first audio frequency; and
execute the second click cycle by driving the vibrator at
a second oscillation frequency greater than the first
oscillation frequency and triggering the audio driver to
output the click sound at the second audio frequency
greater than the first audio frequency.
4. The system of claim 1, wherein the controller is
configured to:
detect a first input area of the first input on the touch
sensor surface;
calculate a first pressure of the first input based on the first
input area and the first force magnitude; and
execute the first click cycle in response to the first
pressure exceeding the first threshold magnitude.
5. The system of claim 1, wherein the controller is
configured to:
access the first threshold magnitude and a first command
assigned to a first region of the touch sensor surface
containing the first location;
output the first command at approximately the first time in
response to detecting application of the first input onto
the touch sensor surface at the first force magnitude
exceeding the first threshold magnitude;
detect application of a second input onto the touch sensor
surface and a second force magnitude of the second
input at a second time based on a second change in
resistance between a second sense electrode and drive
electrode pair in the touch sensor;
access a second threshold magnitude and a second com-
mand assigned to a second region of the touch sensor
surface containing the second location, the second
threshold magnitude greater than the first threshold
magnitude, and the second region of the touch sensor
surface distinct from the first region; and
output the second command at approximately the second
time in response to detecting application of the second
input onto the touch sensor surface at the second force
magnitude exceeding the second threshold magnitude.
6. The system of claim 1, wherein the controller is
configured to:
access the first threshold magnitude set by a user for the
first command defining a keystroke input assigned to
the first region of the touch sensor surface defining a
keyboard surface; and
access the second threshold magnitude set by the user for
the second command representing a left-click input
assigned to the second region of the touch sensor
surface defining a trackpad surface.
7. The system of claim 1, wherein the controller is
configured to, during the first click cycle:
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initiate activation of the vibrator at a second time imme-
diately succeeding the first time and during application
of the first input on the touch sensor surface; and
initiate activation of the audio driver at a third time
succeeding the second time by a delay duration corre-
sponding to an onset time of the vibrator in which the
vibrator reaches a minimum oscillation magnitude.
8. The system of Claim 7, wherein the controller is
configured to, during the first click cycle:
drive the vibrator with a square wave signal for a duration
of approximately 2,0 milliseconds; and
initiate replay of the click sound through the audio driver
at the third time succeeding the second time by
approximately 50 milliseconds.
9. The system of claim 1:
wherein the chassis comprises a housing of a mobile
computing device and defines a receptacle;
wherein the coupler locates the touch sensor within the
receptacle;
wherein the audio driver is mounted to the touch sensor
opposite the touch sensor surface; and
wherein the touch sensor surface defines a trackpad
surface inset from an edge of the receptacle to form a
gap configured to pass sounds output by the audio
driver.
10. The system of claim 1:
wherein the chassis comprises a housing of a mobile
computing device and defines a receptacle;
wherein the coupler locates the touch sensor within the
receptacle;
wherein the audio driver is mounted to the chassis and
defines a primary speaker in the mobile computing
device; and
wherein the controller is configured to trigger the audio
driver to output the click sound at a static, preset
volume independent of a global volume setting of the
mobile computing device.
11. system of claim 1:
wherein the vibrator:
is coupled to the rigid backing proximal a center of the
touch sensor; and
comprises a linear actuator configured to oscillate the
mass along a vector parallel to the touch sensor
surface and parallel to an edge of the touch sensor;
and
wherein the coupler comprises a grommet:
extending from the chassis and passing through a
mounting bore in the rigid backing;
configured to vertically constrain the rigid backing
relative to the chassis; and
exhibiting elasticity in a direction parallel to the touch
sensor surface.
12. The system of claim 1:
wherein the vibrator is arranged under a first region of the
touch sensor surface;
further comprising a second vibrator arranged under a
second region of the touch sensor surface adjacent and
distinct from the first region of the touch sensor sur-
face;
wherein the controller is configured to:
execute the first click cycle by driving the vibrator to
oscillate the touch sensor within the chassis and
triggering the audio driver to output the click sound
in response to detecting application of the first input
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at the first location contained within the first region
of the touch sensor surface;

detect application of a second input onto the touch
sensor surface and a second force magnitude of the
second input at a second time based on a second
change in resistance between a second sense elec-
trode and drive electrode pair in the touch sensor;

execute the second click cycle by actuating the second
vibrator to oscillate the touch sensor within the
chassis and triggering the audio driver to output the
click sound in response to detecting application of
the second input at a second location contained
within the second region of the touch sensor surface.
13. A system comprising:
a touch sensor comprising a rigid backing, comprising an
array of sense electrode and drive electrode pairs
arranged over the rigid backing, and defining a touch
sensor surface extending over the array of sense elec-
trode and drive electrode pairs;
a vibrator coupled to the touch sensor and configured to
oscillate a mass within a plane parallel to the touch
sensor surface;
an audio driver coupled to the chassis; and
a controller configured to:
detect application of a first input onto the touch sensor
surface and a first force magnitude of the first input
at a first time based on a first change in resistance
between a first sense electrode and drive electrode
pair in the touch sensor;

execute a first click cycle in response to the first force
magnitude exceeding a first threshold magnitude by
actuating the vibrator and triggering the audio driver
to output the click sound;

detect retraction of the first input from the touch sensor
surface and a second force magnitude of the first
input at a second time succeeding the first time based
on a second change in resistance between the first
sense electrode and drive electrode pair; and

execute a second click cycle in response to the second
force magnitude falling below a second threshold
magnitude less than the first threshold magnitude by
actuating the vibrator and triggering the audio driver
to output the click sound.

14. The system of claim 13, wherein the controller is

configured to:

execute the first click cycle by driving the vibrator at a
first oscillation frequency and triggering the audio
driver to output a click sound at a first audio frequency;
and

execute the second click cycle by driving the vibrator at
a second oscillation frequency greater than the first
oscillation frequency and triggering the audio driver to
output the click sound at the second audio frequency
greater than the first audio frequency.

15. The system of claim 13:

further comprising:

a chassis of a mobile computing device defining a
receptacle; and

a coupler interposed between the rigid backing and the
chassis, configured to locate the touch sensor within
the receptacle, and configured to absorb displace-
ment of the rigid backing relative to the chassis
parallel to the touch sensor surface during activation
of the vibrator;
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wherein the audio driver is mounted to the rigid backing
opposite the touch sensor surface; and
wherein the touch sensor surface defines a trackpad
surface inset from an edge of the receptacle to form a
gap configured to pass audio signals output by the
audio driver.
16. The system of claim 13, further comprising:
a housing:
containing the touch sensor, the vibrator, the audio
driver, and the controller; and
defining a speaker grill adjacent the audio driver and
facing opposite the touch sensor surface;
a pad:
extending from the housing opposite the touch sensor
surface;
defining a bearing surface configured to slide across a
table surface; and
configured to offset the speaker grill above the table
surface by a target gap distance.
17. The system of claim 13, further comprising an over-
lay:
defining a three-dimensional ergonomic mouse form;
configured to transiently install over the touch sensor
surface; and
comprising an elastic material configured to communicate
a force applied to a surface of the three-dimensional
ergonomic mouse form downward onto the touch sen-
sor surface.
18. A method for interfacing a computer to a human
comprising:
at a first time, detecting application of a first input onto a
touch sensor surface and a first force magnitude of the
first input;
in response to the first force magnitude exceeding a first
threshold magnitude:
actuating a vibrator coupled to the touch sensor surface
during a first click cycle;
triggering an audio driver proximal the touch sensor
surface to output a click sound during the first click
cycle;
at a second time succeeding the first time, detecting
retraction of the first input from the touch sensor
surface and a second force magnitude of the first input;
and
in response to the second force magnitude falling below
a second threshold magnitude less than the first thresh-
old magnitude:
actuating the vibrator during a second click cycle
distinct from the first click cycle;
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triggering the audio driver to output the click sound
during the second click cycle.
19. The system of claim 19:
wherein detecting application of the first input and the
first force magnitude at the first time comprises detect-
ing application of the first input and the first force
magnitude based on a first change in resistance between
a first sense electrode and drive electrode pair below
the touch sensor surface at the first time;
wherein actuating the vibrator and triggering the audio
driver during the first click cycle comprises, in
response to the first force magnitude falling between
the first threshold magnitude and a third threshold
magnitude greater than the first threshold magnitude:
executing the first click cycle over a first duration; and
labeling the first input as of a first input type;
further comprising:
at a third time, detecting application of a third input
onto the touch sensor surface and a third force
magnitude of the third input based on a third change
in resistance between a third sense electrode and
drive electrode pair below the touch sensor surface;
and
in response to the third force magnitude exceeding the
third threshold magnitude:
executing a third click cycle over a third duration
exceeding the first duration; and
labeling the third input as of a third input type
distinct from the first input type.
20. The system of claim 19:
wherein actuating the vibrator during the first click cycle
comprises driving the vibrator at a first oscillation
frequency;
wherein triggering the audio driver to output the click
sound during the first click cycle comprises triggering
the audio driver to output the click sound at a first audio
frequency;
wherein actuating the vibrator during the second click
cycle comprises driving the vibrator at a second oscil-
lation frequency greater than the first oscillation fre-
quency; and
wherein triggering the audio driver to output the click
sound during the second click cycle comprises trigger-
ing the audio driver to output the click sound at a
second audio frequency greater than the first audio
frequency.



