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MULTI-STAGE VARIABLE RESISTANCE
TRIGGER

BACKGROUND

[0001] Gaming controllers often include a variety of differ-
ent buttons, directional controllers, and other mechanisms
that translate user input into commands for controlling
games. However, such gaming controllers often do not pro-
vide a satisfving gaming experience because the gaming con-
trollers do not provide the user with realistic feedback.

SUMMARY

[0002] Embodiments are disclosed that relate to multi-
stage variable resistance triggers. One disclosed embodiment
includes an input device comprising a communicative output
configured to send control information to a computing device
for controlling the computing device. The input device further
comprises a multi-stage variable resistance trigger assembly
configured to provide a first trigger resistance sub-profile
throughout a first stage of a trigger pull and a second trigger
resistance sub-profile throughout a second stage of the trigger
pull.

[0003] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that
solve any or all disadvantages noted in any part of this dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows a non-limiting example of an input
device in accordance with an embodiment of the present
disclosure.

[0005] FIG. 2 shows a non-limiting example of a trigger
configured to rotate about an axis.

[0006] FIG. 3 shows a non-limiting example of a trigger
configured to move linearly.

[0007] FIG.4 shows avisual representation of trigger resis-
tance profiles.
[0008] FIG.5A shows a non-limiting example of a trigger

assembly including a flat spring in accordance with an
embodiment of the present disclosure.

[0009] FIG. 5B shows a close-up view of a portion of the
assembly of FIG. 5A.

[0010] FIG. 5C shows a visual representation of a trigger
resistance profile of the assembly of FIG. 5B.

[0011] FIG. 5D shows a close-up view of a portion of the
assembly of FIG. 5A.

[0012] FIG. 5E shows a visual representation of a trigger
resistance profile of the assembly of FIG. 5D.

[0013] FIG. 6A shows a non-limiting example of a trigger
assembly including a magnet in accordance with an embodi-
ment of the present disclosure.

[0014] FIG. 6B shows a close-up view of a portion of the
assembly of FIG. 6A.

[0015] FIG. 6C shows a visual representation of a trigger
resistance profile of the assembly of FIG. 6A.

[0016] FIG.7A shows a non-limiting example of a trigger
assembly including a torsion spring in accordance with an
embodiment of the present disclosure.

Jun. 13, 2013

[0017] FIG. 7B shows a close-up view of a portion of the
assembly of FIG. 7A.

[0018] FIG. 7C shows a close-up view of a portion of the
assembly of FIG. 7A.

[0019] FIG. 7D shows a visual representation of a trigger
resistance profile of the assembly of FIG. 7A.

[0020] FIG. 8A shows the assembly of FIG. 7A configured
to provide a different trigger resistance profile.

[0021] FIG. 8B shows a close-up view of a portion of the
assembly of FIG. 8A.

[0022] FIG. 8C shows a visual representation of a trigger
resistance profile of the assembly of FIG. 8A.

DETAILED DESCRIPTION

[0023] The present disclosure is directed to computing sys-
tem input devices including a multi-stage variable resistance
trigger assembly configured to provide a multi-stage variable
trigger resistance profile. In particular, a trigger assembly of
a device such as a game controller may be configured to
provide a first trigger resistance sub-profile throughout a first
stage (e.g., a beginning range) of a trigger pull and a second
trigger resistance sub-profile throughout a second stage (e.g..
an ending range) of the trigger pull. It will be understood that
the term “resistance profile” as used herein may refer to any
force or combination of forces over a full range of a trigger
displacement acting against an external force applied to the
trigger. It will be further understood that “resistance sub-
profile” refers to any force or combination of forces over a
portion of a trigger displacement acting against an external
force applied to the trigger. It will be further understood that
the term “resistance” may be used to refer to either a “resis-
tance profile” or a “resistance sub-profile.” Such resistance
may be provided by, for example, magnets, tension springs,
and/or torsion springs. Specific embodiments utilizing such
elements will be discussed in detail below.

[0024] When used in conjunction with a gaming device, a
multi-stage variable resistance trigger assembly may provide
a more realistic gaming experience. For example, in a first-
person shooting game, multiple stages may provide a feel to
the user approximating the feel of the trigger assembly on a
real weapon. Specifically, the transition between a first stage
and a second stage may be substantially discontinuous as to
mimic the “release” of a real gun trigger while firing of a real
bullet.

[0025] FIG. 1 shows a non-limiting example of an input
device 100 including a trigger 102 for providing multi-stage
variable resistance to a user of the input device. Triggers, as
discussed in the entirety of this application, refer to any user-
actuatable input mechanism. Input device 100 further
includes a communicative output configured to send control
information to a computing device 104 for controlling the
computing device. The input device may communicate with
computing device 104 via a wireless connection, a wired
connection, or a combination thereof. For example, the wire-
less communication may be performed via infrared light,
visible light, radio-frequency (e.g., 802.11 or mobile tele-
phony), or a combination thereof. The communication may
be accomplished via any combination of encodings, carrier
frequencies, and protocols, both open and proprietary. Input
device 100 may be used, for example, to control the motion of
a game character rendered by computing device 104 and
displayed via a display device.

[0026] Inputdevice 100 may be configured to beheld inone
or both hands. Furthermore, trigger 102 may be configured to
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be actuated by one or more fingers (e.g.. an index finger). In
other embodiments, trigger 102 may be configured to be
actuated by other mechanisms. It will be understood that
trigger 102 may be arranged within or upon input device 100
in any suitable configuration. For example, although trigger
102 is illustrated on the rear of input device 100, in some
embodiments trigger 102 may be arranged on the top of input
device 100.

[0027] FIG. 2 shows a non-limiting example of a multi-
stage variable resistance trigger assembly 200. Assembly 200
includes a trigger 202 at a rest position (illustrated by pull
indicator 204¢). It will be understood that the term “rest
position” as used herein refers to the position of the trigger
assembly absent an applied external force. Trigger 202 is
mechanically coupled to button actuator 206. Button actuator
206 includes a guide 208 in which a pivot 210 of trigger 202
is configured to move. In other embodiments, trigger 202 may
be coupled to button actuator 206 in another suitable manner.
[0028] As force is applied to trigger 202 (e.g., via an index
finger), trigger 202 is configured to rotate about axis 212. As
trigger 202 rotates, pivot 210 moves within guide 208, thus
causing button actuator 206 to rotate about axis 214. The
movement of button actuator 206 may be translated into a
representative electrical signal via any suitable mechanism.
For example, in some embodiments, actuator 206 may be
coupledto a potentiometer at axis 214. In some embodiments,
the movement of actuator 206 may be converted to an elec-
trical signal via a mechanical sensor (e.g., a limit switch), an
optical sensor (e.g.. an optical encoder or an optical break
sensor), a magnetic sensor (e.g., a magnetic reed switch), a
capacitive sensor, or a combination thereof. Said electrical
signal may be either digital or analog.

[0029] Trigger 202 and button actuator 206 are configured
to rotate until reaching an end position (illustrated by the
dashed outline and pull indicator 2045). It will be understood
that the term “end position” as used herein refers to the
limiting position of the trigger assembly under an external
force. The range of the pull (illustrated as angle 216) of trigger
202 spans from the rest position (illustrated by pull indicator
2044) to the end position (illustrated by pull indicator 2045).
[0030] As mentioned above, suitable triggers may include
many configurations. For example, FIG. 3 shows a non-lim-
iting example of a multi-stage variable resistance trigger
assembly 300. Assembly 300 includes a trigger 302 at a rest
position (illustrated by pull indicator 304a). As force is
applied to trigger 302, trigger 302 is configured to move in a
substantially linear direction until reaching an end position
(illustrated by the dashed outline and pull indicator 3045). In
other embodiments, assembly 300 may instead be configured
to move in an angled or arcing path. The range of the pull
(illustrated as displacement 306) of trigger 302 spans from
the rest position (illustrated by pull indicator 304a) to the end
position (illustrated by pull indicator 3044). It will be under-
stood that assembly 300 is distinguished from assembly 200
of FIG. 2 in that assembly 300 is not configured to rotate about
an axis. Other trigger variations may be used without depart-
ing from the scope of this disclosure.

[0031] The triggers of FIGS. 2 and 3 may be configured to
provide various resistance profiles over the range of the trig-
ger pull. FIG. 4 shows a visual representation 400 of example
trigger resistance profiles. For example, profile 402 may rep-
resent a “standard” resistance profile as provided by a trigger
assembly without multi-stage resistance (e.g.. via a single

spring).
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[0032] In other instances, a multi-stage trigger may have
two or more stages in which the trigger provides different
resistance sub-profiles. The resistance profile of such triggers
may be provided by a first subassembly providing a first
subassembly resistance profile and a second subassembly
providing a second subassembly resistance profile. The trig-
ger assembly may be configured to provide a first resistance
sub-profile throughout a beginning range of a trigger pull and
a second trigger resistance sub-profile throughout an ending
range of the trigger pull.

[0033] As a nonlimiting example, a resistance profile may
include a first stage 404 over a beginning range of the trigger
pull and a second stage 406 over an ending range of the trigger
pull. First stage 404 and second stage 406 may be divided at
transition 408. Transition 408, for example, may be an inter-
mediate angle within angle 216 of FIG. 2, or an intermediate
displacement within displacement 306 of FIG. 3. As dis-
cussed above, it will be understood that a resistance profile
may have more than two stages.

[0034] Profile 410 may represent a profile in accordance
with one or more embodiments of the present disclosure.
Profile 410 includes a first sub-profile in stage 404. After
transition 408, profile 410 includes a second sub-profile in
stage 406. While profile 410 is illustrated as a combination of
two substantially linear sub-profiles, it will be understood that
said sub-profiles may follow any suitable function. For
example, sub-profiles may be linear, constant, logarithmic,
exponential, increasing with displacement, decreasing with
displacement, or any piece-wise combination thereof. Such
functions are presented for the purpose of example, and are
not intended to be limiting in any manner.

[0035] While profile 410 is illustrated as being discontinu-
ous at transition 408, it will be understood that in some
instances, a resistance profile may be substantially continu-
ous at one or more stage boundaries. Transition 408 is meant
to illustrate a change in which assemblies are providing resis-
tance. The discontinuity at transition 408 may, in some
embodiments, provide a feel similar to the “release” of a
trigger of a weapon.

[0036] The resistance profile, in whole or in part, may be
specified by trigger resistance information received from a
computing device (e.g., computing device 104 of FIG. 1) via
a communicative input (e.g., via a wired and/or wireless
connection).

[0037] The trigger resistance information may be consis-
tent during a single use of the computing device. The com-
puting device may specify trigger resistance information
according to one or more settings of software (e.g., a video
game) executing on the computing device. For example, ifthe
software s a first-person shooting game, a multi-stage resis-
tance profile (e.g., profile 410 of FIG. 4) may be specified to
mimic the feel of a trigger pull of a weapon.

[0038] In other embodiments, the trigger resistance infor-
mation may vary throughout a single use of the computing
device. Settings may specify different resistance profiles for
use in different segments of the same game or other applica-
tion. For example, returning to the shooting game scenario, a
multi-stage resistance profile (e.g., profile 410 of FIG. 4) may
be specified for a first part of the game (e.g., firing a rifle),
while a standard profile (e.g., profile 402 of FIG. 4) may be
specified for a second part of the game (e.g., driving a
vehicle).

[0039] Insome instances, the shape of the resistance profile
may be substantially fixed such that the computing device
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may specify the magnitude of the resistance profile without
substantially altering the shape of the resistance profile.

[0040] As discussed above, resistance may be provided via
any suitable type and combination of subassemblies. FIG. SA
shows a non-limiting example of a trigger assembly 500
including a flat spring 502 in accordance with an embodiment
of the present disclosure. Assembly 500 includes support
structure 504 configured to support or otherwise interact with
one or more elements of assembly 500. While illustrated as a
single structure, it will be understood that structure 504 may
include a plurality of individual structures. In some embodi-
ments, structure 504 may be incorporated into the body of an
input device. Assembly 500 further includes trigger 506 con-
figured to rotate about axis 508 in the presence of an external
force applied to edge 510 of trigger 506.

[0041] Assembly 500 further includes flat spring 502
coupled to support structure 504 at structure mount 512 and to
trigger 506 at trigger mount 514. Although flat spring 502 is
illustrated as being formed around circular mounts 512 and
514 such that spring 502 is able to rotate/move about said
mounts, it will be understood that the flat spring 502 may be
coupled to structure 504 and to trigger 506 in any suitable
manner. For example, in some embodiments, one or more of
mounts 512 and 514 may include a bearing coupled to spring
502 and configured to rotate about an axis. In other embodi-
ments, one or more of mounts 512 and 514 may comprise
adhesive and/or other elements configured to provide a
“fixed”” mounting.

[0042] As trigger 506 rotates about axis 508, trigger 506
interacts with trigger spring 516. Specifically, trigger spring
516 resists pivoting of trigger 506 about axis 508 throughout
the entire range of motion of trigger 506. [n some embodi-
ments, spring 516 may include more than one spring operat-
ing in parallel and/or series. Trigger spring 516 may be
coupled to trigger 506 and structure 504 in any suitable man-
ner. For example, spring 516 may be attached to trigger 506
and/or structure 504 with adhesive. In other embodiments,
spring 516 may be configured to partially extend over a tab of
trigger 506 and/or a tab of structure 504. [t will be understood
that such scenarios are provided for the purpose of example
and are not meant to be limiting in any manner.

[0043] As trigger 506 rotates about axis 508, trigger 506
also interacts with flat spring 502 such that flat spring 502
resists pivoting of trigger 506 about axis 508 based on the
position of resistance selection structure 522. Specifically, as
trigger 506 rotates, flat spring 502 pivots (or, in the case of a
“fixed mount”, bends) about structure mount 512. As the
pivot spring 502 moves, one or more of a first cam profile 518
and a second cam profile 520 are configured to interact with
resistance selection structure 522. Resistance selection struc-
ture 522 acts as a fulcrum about which the flat spring 502
pivots.

[0044] Resistance selection structure 522 is moveable to a
first position (illustrated as a solid line) in order to interact
with the first cam profile 518 or to a second position (illus-
trated as a dotted line) in order to interact with the second cam
profile 520. Resistance selection structure 522 may be move-
able by a user-actuatable mechanism, an electromechanical
device (e.g., a motor or solenoid), or a combination thereof.
Furthermore, resistance selection structure 522 may be con-
figured to move between the first position and second position
during the course of the trigger pull. It will be further under-
stood that flat spring 502 may include any number of cam
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profiles, and thus resistance selection structure 522 may be
moveable to any number of positions.

[0045] FIG. 5B shows a close-up view of a portion of the
assembly 500 of FIG. 5A. Trigger 506 is at the “end” position
and resistance selection structure 522 is in the first position as
described above. As shown, the first cam profile 518 of flat
spring 502 is configured such that trigger 506 reaches the
“end” position without spring 502 substantially interacting
with resistance selection structure 522. As such, the resis-
tance provided by flat spring 502 to trigger 506 may be
substantially negligible throughout the entire range of motion
of trigger 506 if resistance selection structure 522 is in the
position illustrated in FIG. 5B.

[0046] FIG. 5C shows a visual representation 550 of a
trigger resistance profile 552 (illustrated as a double line) of
the assembly of FIG. 5B. Visual representation 550 further
includes a resistance profile 554 provided by flat spring 502
(illustrated as a double dashed line) and a resistance profile
556 provided by trigger spring 516 (illustrated as a single
line). As described above, resistance profile 552 is substan-
tially the same as resistance profile 556 of trigger spring 516
throughout the entire range of the trigger pull. As such, the
resistance profile 552 provided by the assembly of FIG. 5B is
similar to that provided by a “standard” trigger (e.g., profile
402 of FIG. 4A).

[0047] FIG. 5D shows a close-up view of a portion of the
assembly 500 of FIG. 5A. As with FIG. 5B, trigger 506 is at
the “end” position. In contrast to FIG. 5B, resistance selection
structure 522 of FIG. 5D is inthe second position as described
above. As shown, the second cam profile 520 of flat spring
502 is configured such that flat spring 502 interacts with
resistance selection structure 522 during a portion of the
trigger pull. Specifically, flat spring 502 is configured to bend
about resistance selection structure 522 at second cam profile
520. Such bending of flat spring 502 provides resistance to
trigger 506 by resisting rotation of trigger 506 about axis 508.
[0048] FIG. 5E shows a visual representation 570 of a resis-
tance profile 572 (illustrated as a double line) of the assembly
of F1G. 5D. Visual representation 570 further includes a resis-
tance profile 574 provided by flat spring 502 (illustrated as a
double dashed line) and a resistance profile 576 provided by
trigger spring 516 (illustrated as a single line). As shown,
during a beginning range of the trigger pull (e.g., before
transition 578) in which resistance selection structure 522
does not interact with second cam profile 520, resistance 572
includes resistance 576 provided to trigger 506 by trigger
spring 516. During an ending range of the trigger pull (e.g..
after transition 578) in which resistance selection structure
522 does interact with second cam profile 520, resistance 572
includes resistance 574 provided to trigger 506 by flat spring
502 and resistance 576 provided to trigger 506 by trigger
spring 516.

[0049] FIG. 6A shows a non-limiting example of a trigger
assembly 600 including a magnet 602 in accordance with
another embodiment of the present disclosure. Assembly 600
includes support structure 604 configured to support or oth-
erwise interact with one or more elements of assembly 600.
While illustrated as a single structure, it will be understood
that structure 604 may include a plurality of individual struc-
tures. In some embodiments, structure 604 may be incorpo-
rated into the body of an input device. Assembly 600 further
includes trigger 606 configured to rotate about axis 608 in the
presence of an external force applied to edge 610 of trigger
606.
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[0050] As trigger 606 rotates about axis 608, trigger 606
interacts with trigger spring 612. Specifically, trigger spring
612 resists pivoting of trigger 606 about axis 608 throughout
the entire range of motion of trigger 606. [n some embodi-
ments, spring 612 may include more than one spring operat-
ing in parallel and/or series. Trigger spring 612 may be
coupled to trigger 606 and to structure 604 in any suitable
manner. For example, spring 612 may be attached to trigger
606 and/or structure 604 with adhesive. In other embodi-
ments, spring 612 may be configured to partially extend over
a tab of trigger 606 and/or a tab of structure 604. It will be
understood that such scenarios are provided for the purpose of
example, and are not intended to be limiting in any manner.
[0051] As trigger 606 rotates about axis 608, trigger 606
also interacts with slider assembly 614. Specifically, tab 616
coupled to trigger 606 interacts with an edge of slider assem-
bly 614, thus both effecting substantially lateral motion of
assembly 614 and resisting pivoting of trigger 606 about axis
608 due to friction between assembly 614 and structure 604.
[n some embodiments, assembly 614 may instead move in an
angled or arcing path. In other embodiments, assembly 614
may be coupled to trigger 606 via a pivot and/or groove.
[0052] Assembly 600 further includes a striker plate 618
mechanically coupled to trigger 606. Striker plate 618 may be
coupled to trigger 606 via any suitable mechanism. For
example, striker plate 618 may be configured to fit into one or
more grooves in trigger 606. In other embodiments, striker
plate 618 may be coupled to trigger 606 with adhesive. Striker
plate 618 may be any magnetic material or combination of
materials capable of interacting with magnet 602. For
example, in some embodiments, one or more of magnet 602
and striker plate may be an electromagnet.

[0053] During the beginning range of a trigger pull, striker
plate 618 is adjacent to magnet 602. As such, amagnetic force
resists separation of striker plate 618 from magnet 602.
[0054] Assembly 600 further includes tension spring 620
coupled to both slider assembly 614 and magnet 602. As such,
it will be understood that magnet 602 may include a non-
magnetic layer or housing in order to provide such coupling.
The non-magnetic material coupled to magnet 602 may fur-
ther allow magnet 602 to move within slider assembly 614, as
will be discussed below. The tension spring 620 provides a
force acting on magnet 602. Said force is less than the attrac-
tive force between magnet 602 and striker plate 618, such that
magnet 602 remains magnetically coupled to striker plate 618
throughout a beginning range of the pull of trigger 606 (in-
cluding the “rest” position).

[0055] At a certain point in the trigger pull, tab 616 dis-
places slider assembly 614 such that the force from tension
spring 620 acting on magnet 602 is greater than the attractive
force between striker plate 618 and magnet 602. FIG. 6B
shows a close-up view of a portion of assembly 600 of FIG.
6A after the attractive force between magnet 602 and striker
plate 618 has been overcome. Once the attractive force is
overcome, tension spring 620 effects substantially linear
motion of magnet 602 until magnet 602 reaches magnet stop
622. The remainder of the pull of trigger 606 therefore occurs
with substantially negligible interaction from magnet 602.
[0056] FIG. 6C shows a visual representation 650 of a
resistance profile 652 provided by the assembly of FIG. 6B.
Visual representation 650 further includes a resistance profile
654 provided by magnetic coupling between magnet 602 and
striker plate 618 (illustrated as a double dashed line) and a
resistance profile 656 provided by trigger spring 612 (illus-
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trated as a single line). As shown, during a beginning range of
the trigger pull (e.g., before transition 658) in which magnet
602 does interact with striker plate 618, resistance 652
includes resistance 656 provided to trigger 606 by trigger
spring 612 and resistance 654 provided by magnetic coupling
between magnet 602 and striker plate 618. During an ending
range of the trigger pull (e.g., after transition 658) in which
magnet 602 does not interact with striker plate 618, resistance
652 includes resistance 656 provided to trigger 606 by trigger
spring 612. Resistance profile 652 therefore provides a
“release” feel at transition 658 similar to that provided by a
trigger mechanism of a weapon.

[0057] As trigger 606 is returned to the “rest” position,
striker plate 618 may pass sufficiently close to magnet 602 to
effect magnetic coupling between striker plate 618 and mag-
net 602. As such, slider assembly 614 may be returned to its
rest position via said magnetic coupling. In other embodi-
ments, such as where trigger 606 is coupled to slider assembly
614 via a pivot, the motion of trigger 606 may directly effect
motion of slider assembly 614 independent of the magnetic
coupling between striker plate 618 and magnet 602. In other
embodiments, slider assembly 614 may be returned to its rest
position by a user-actuatable mechanism, an electromechani-
cal device (e.g., a motor or solenoid), or a combination
thereof.

[0058] FIG. 7A shows a non-limiting example of a trigger
assembly 700 including a torsion spring 702 in accordance
with another embodiment of the present disclosure. Assem-
bly 700 includes support structure 704 configured to support
or otherwise interact with one or more elements of assembly
700. While illustrated as a single structure, it will be under-
stood that structure 704 may include a plurality of individual
structures. [n some embodiments, structure 704 may be incor-
porated into the body of an input device. Assembly 700 fur-
therincludes trigger 706 configured to rotate about axis 708 in
the presence of an external force applied to edge 710 of
trigger 706.

[0059] As trigger 706 rotates about axis 708, trigger 706
interacts with torsion spring 702. Specifically, tab 712 of
trigger 706 effects displacement of one end of torsion spring
702. Such displacement of torsion spring 702 effects twisting
of torsion spring 702 about axis 714, thus resisting rotation of
trigger 706 about axis 708.

[0060] Trigger 706 is further configured to interact with
load cog 716 during the beginning range of the trigger pull.
Specifically, cam profile 718 of trigger 706 interacts with cam
profile 720 of load cog 716. As trigger 706 rotates, the inter-
action between cam profiles 718 and 720 effects rotation of
load cog 716 about axis 722. Such rotation is resisted by
tension spring 724 coupled to the arm of load cog 716 and to
support structure 704. As such, tension spring 724 provides
resistance to trigger 706 by resisting rotation of trigger 706
about axis 708. Tension spring 724 may be coupled to load
cog 716 and structure 704 in any suitable manner. For
exanple, spring 724 may be attached to load cog 716 and/or
structure 704 with adhesive. In other embodiments, spring
724 may be configured to partially extend over a tab of load
cog 716 and/or a tab of structure 704.

[0061] FIG. 7B shows a close-up view of a portion of
assembly 700 of FIG. 7A. Specifically, FIG. 7B shows trigger
706 during a portion of the trigger pull during which trigger
706 interacts with load cog 716.

[0062] Ata certain point during the trigger pull, trigger 706
will be displaced such that cam profiles 718 and 720 no longer
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interact. FIG. 7C shows a close-up view ofa portion of assem-
bly 700 of FIG. 7A after such a point has been reached.
Without the interaction between profiles 718 and 720, tension
spring 724 returns load cog 716 to a rest position. Such a
return may cause load cog 716 to interact with (e.g., strike) a
portion of support structure 704 or other element of assembly
700. Such interaction may result in a “clicking” sound or
other audible event, thus providing additional user feedback.
[0063] FIG. 7D shows a visual representation 750 of a
resistance profile 752 of the assembly of FIG. 7A. Visual
representation 750 further includes a resistance profile 754
provided by tension spring 724 coupled to load cog 716
(illustrated as a double dashed line) and a resistance profile
756 provided by torsion spring 702 (illustrated as a single
line). As illustrated in FIGS. 7B and 7C, during a beginning
range of the trigger pull (e.g.. before transition 758) in which
load cog 716 does interact with trigger 706, resistance 752
includes resistance 756 provided to trigger 706 by torsion
spring 702 and resistance 754 provided to trigger 706 by
tension spring 724 coupled to load cog 716. During an ending
range of the trigger pull (e.g., after transition 758) in which
load cog 716 does not interact with trigger 706, resistance 752
includes resistance 756 provided to trigger 706 by torsion
spring 702. Resistance profile 752 therefore provides a
“release” feel at transition 758 similar to that provided by a
trigger mechanism of a weapon.

[0064] Returning to FIG. 7A, assembly 700 further
includes a rotary force switch 726. Rotary force switch 726
includes a spring profile 728 (illustrated as a rectangle) and a
cog profile 730 (illustrated as an oval). It will be understood
that the shape profiles 728 and 730 are provided for purpose
of example, and are not intended to be limiting in any manner.
Rotary force switch 726 is a resistance selection mechanism
configured to rotate about a central axis which in turn causes
profiles 728 and 730 to rotate. Rotary force switch 726 may be
moveable via a user-actuatable mechanism (e.g., a rotatable
knob, a button, or a switch), an electromechanical device
(e.g., amotor or solenoid), or a combination thereof. It will be
understood that, in some embodiments, rotary force switch
726 may be configured to provide a plurality of profiles (e.g.,
profiles 728 and 730) via a mechanism other than rotation.
[0065] Rotary force switch 726 is configured to displace
axis 722 about which load cog 716 rotates via cog profile 730.
FIG. 8A shows assembly 700 of FIG. 7A with rotary force
switch 726 rotated from its position in FIG. 7A such that cog
profile 730 has caused load cog 716 to move farther away
from trigger 706. Furthermore, rotary force switch 726 is
configured to modify the torque applied to one end of torsion
spring 702 via spring profile 728. In other words, switch 726
is configured to adjust one or more of a first trigger resistance
sub-profile (e.g., profile 752 of FIG. 7D before transition 758)
and a second trigger resistance sub-profile (e.g., profile 752 of
FIG. 7D after transition 758). As shown, rotary force switch
726 has been rotated from its position in FIG. 7A such that
spring profile 728 has displaced one end of torsion spring 702
such that torsion spring 702 experiences less torque.

[0066] FIG. 8B shows a close-up view of a portion of
assembly 700 of FIG. 8A with trigger 706 in the “end” posi-
tion. As in FIG. 8A, load cog 716 is located far enough away
from trigger 706 such that cam profile 718 of trigger 706 does
not interact with load cog 716 through the entire range of
motion of trigger 706. Therefore, as illustrated in FIGS. 8A
and 8B, resistance is provided to trigger 706 during the entire
range of the trigger pull by torsion spring 702.
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[0067] FIG. 8C shows a visual representation 850 of a
resistance profile 852 of assembly 700 of FIG. 8A. Visual
representation 850 further includes a resistance profile 854
provided by tension spring 724 coupled to load cog 716
(illustrated as a double dashed line) and a resistance profile
856 provided by torsion spring 702 (illustrated as a single
line). As described above, resistance profile 852 is substan-
tially the same as resistance profile 856 of torsion spring 702
throughout the entire range of the trigger pull. As such, the
resistance profile 852 provided by the assembly of FIG. 8A is
similar to that provided by a “standard” trigger (e.g., profile
402 of FIG. 4A).

[0068] While FIGS. 7 and 8 illustrate a rotary force switch
726 providing two scenarios (e.g., no load cog interaction and
decreased spring torque vs. load cog interaction and increased
spring torque), it will be understood that rotary force switch
726 may be configured to provide any number of unique
scenarios. For example, rotary force switch 726 may provide
for each combination of spring torque and load cog interac-
tion.

[0069] The above discussion focused on providing a multi-
stage variable resistance to a trigger via two or more subas-
semblies. However, it will be understood that a multi-stage
resistance profile may be provided via one or more electri-
cally-actuatable devices (e.g., a motor or a solenoid). For
example, the trigger (or an assembly coupled thereto) may be
coupled to the shaft of an electric motor. An electrical signal
may then be applied to the electric motor to effect rotation of
the shaft, thus resisting motion of the trigger. The electrical
signal may be selectively applied to provide multiple stages
of resistance. For example, the duty cycle of the electrical
signal may be varied to effect changes in resistance. The
electrical signal may be defined by, in whole or in part, the
trigger resistance information discussed above.

[0070] Furthermore, one or more sensors (e.g., optical
encoder) may be utilized to provide information relating to
the position of the trigger. Such information may be utilized
in determining the electrical signal applied to the electrically-
actuatable device. In some instances, such as when a servo
motor is used, the position sensor may be incorporated into
the electrically-actuatable device.

[0071] Itis to be understood that the configurations and/or
approaches described herein are exemplary in nature, and that
these specific embodiments or examples are not to be consid-
ered in a limiting sense, because numerous variations are
possible. In general, two or more trigger subassemblies can be
configured to act throughout different ranges of a trigger pull
to provide a multi-stage variable resistance trigger. For
example, in some embodiments a first trigger resistance sub-
profile may be the sum of a first subassembly resistance
profile and a second subassembly resistance sub-profile, and
a second trigger resistance sub-profile may be the same as
only the second subassembly resistance profile without the
first subassembly resistance profile. In other embodiments,
the first trigger resistance sub-profile may be the same as only
the first subassembly resistance profile without the second
subassembly resistance profile, and the second trigger resis-
tance sub-profile may be the sum of the first subassembly
resistance profile and the second subassembly resistance pro-
file. In other embodiments, a different number of sub-profiles
including different combinations of subassembly resistance
profiles may be employed.

[0072] Thesubject matter of the present disclosure includes
all novel and nonobvious combinations and subcombinations
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of the various processes, systems and configurations, and
other features, functions, acts, and/or properties disclosed
herein, as well as any and all equivalents thereof.

1. An input device comprising:

acommunicative output configured to wirelessly send con-

trol information to a computing device for controlling
the computing device;

a communicative input configured to receive trigger resis-

tance information from the computing device; and

a multi-stage variable resistance trigger assembly config-

ured to provide a trigger resistance specified by the
trigger resistance information received from the com-
puting device.

2. An input device comprising:

acommunicative output configured to wirelessly send con-

trol information to a computing device for controlling
the computing device; and

a multi-stage variable resistance trigger assembly config-

ured to provide a first trigger resistance sub-profile
throughout a first stage of a trigger pull and a second
trigger resistance sub-profile throughout a second stage
of the trigger pull, the first trigger resistance sub-profile
being different than the second trigger resistance sub-
profile.

3. The input device of claim 2, wherein the multi-stage
variable resistance trigger assembly comprises a first subas-
sembly providing a first subassembly resistance profile and a
second subassembly providing a second subassembly resis-
tance profile.

4. The input device of claim 3, wherein the first trigger
resistance sub-profile includes both the first subassembly
resistance profile and the second subassembly resistance pro-
file, and wherein the second trigger resistance sub-profile
includes the second subassembly resistance profile without
the first subassembly resistance profile.

5. The input device of claim 4, wherein the first subassem-
bly includes a magnet, and wherein the second subassembly
includes a trigger spring.

6. The input device of claim 4, wherein the first subassem-
bly includes a load cog, and wherein the second subassembly
includes a torsion spring.

7. The input device of claim 3, wherein the first trigger
resistance sub-profile includes the first subassembly resis-
tance profile without the second subassembly resistance pro-
file, and wherein the second trigger resistance sub-profile
includes both the first subassembly resistance profile and the
second subassembly resistance profile.

8. The input device of claim 7, wherein the first subassem-
bly comprises a trigger spring, and wherein the second sub-
assembly comprises a flat spring.

9. The input device of claim 2, wherein the variable resis-
tance trigger assembly includes a resistance selection mecha-
nism to adjust one or more of the first trigger resistance
sub-profile and the second trigger resistance sub-profile.
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10. The input device of claim 9, wherein the resistance
selection mechanism includes an electrically-actuatable
device.

11. The input device of claim 10, wherein the electrically-
actuatable device includes a motor.

12. The input device of claim 10, wherein the electrically-
actuatable device includes a solenoid.

13. The input device of claim 9, wherein the resistance
selection mechanism includes a user-actuatable device.

14. The input device of claim 13, wherein the user-actuat-
able device is a rotatable knob.

15. The input device of claim 2, wherein a transition
between the first trigger resistance sub-profile and the second
resistance sub-profile is substantially discontinuous.

16. The input device of claim 2, further including a com-
municative input configured to receive trigger resistance
information from the computing device, the trigger resistance
information defining one or more of the first trigger resistance
sub-profile and the second trigger resistance sub-profile.

17. The input device of claim 16, wherein the trigger resis-
tance information is consistent during a single use of the
computing device.

18. The input device of claim 16, wherein the trigger resis-
tance information varies throughout a single use of the com-
puting device.

19. The input device of claim 16, wherein the multi-stage
variable resistance trigger assembly includes an electrically-
actuatable device configured to provide both the first resis-
tance sub-profile and the second resistance sub-profile.

20. An input device comprising:

a communicative output configured to wirelessly send con-
trol information to a computing device for controlling
the computing device;

a multi-stage variable resistance trigger assembly change-
able between a first configuration and a second configu-
ration;

the first configuration providing a first trigger resistance
sub-profile throughout a first stage of a trigger pull and a
second trigger resistance sub-profile throughout a sec-
ond stage of the trigger pull, the first trigger resistance
sub-profile being different than the second trigger resis-
tance sub-profile;

the second configuration providing a third rigger resistance
sub-profile throughout the first stage of the trigger pull
and a fourth trigger resistance sub-profile throughout the
second stage of the trigger pull, the third trigger resis-
tance sub-profile being different than the fourth trigger
resistance sub-profile; and

a communicative input configured to receive trigger resis-
tance information from the computing device, the trig-
ger resistance information configured to select the first
configuration or the second configuration.
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