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FIG. 1

includes a body; a microcontroller; a force sensor to detect a pressure
applied against the body of the apparatus; one or more motion sensors;
and a wireless transmitter and antenna, the microcontroller to transmit
force data from the force sensor and motion data from the one or more
motion sensors via the wireless transmitter and antenna.
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WIRELESS STYLUS WITH FORCE EXPRESSION CAPABILITY

TECHNICAL FIELD
[0001] Embodiments described herein generally relate to the field of
electronic devices and, more particularly, a wireless stylus with force expression

capability.

BACKGROUND

[0002] Operation of computing systems and related devices may include
multiple input devices, including stylus devices that may be utilized to write or draw on a
touch sensitive surface to provide an input to the system or device. The use of the stylus
allows a user experience that is similar to writing or drawing on paper or other traditional
surface.

[0003] However, in circumstances in which a system or device is used for
writing or drawing through space in a gesture recognition system, the user experience is
significantly changed because of the lack of a solid surface to write or draw on. While a
conventional system may be able to follow the stylus or other device in three dimensional
space, there is no surface to provide force against. As such, conventional systems
generally do not provide a natural writing or drawing experience for a user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments described here are illustrated by way of example, and

not by way of limitation, in the figures of the accompanying drawings in which like

reference numerals refer to similar elements.
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[0005] Figure 1 is an illustration of system including a force sensing
apparatus according to an embodiment;

[0006] Figures 2A and 2B are illustrations of a force sensing apparatus
according to an embodiment;

[0007] Figure 3 is an illustration of components of a force sensing universal
stylus according to an embodiment;

[0008] Figure 4 is an illustration of a stylus with force sensing capability
according to an embodiment;

[0009] Figure 5 is an illustration of interpretation of force data from a force
sensing stylus according to an embodiment;

[0010] Figure 6 is a flowchart to illustrate a process for enabling writing or
drawing through space with force sensing capability according to an embodiment; and

[0011] Figure 7 is an illustration of an embodiment of a system including a

universal wireless stylus and computing system according to an embodiment.

DETAILED DESCRIPTION

[0012] Embodiments described herein are generally directed to a wireless
stylus with force expression capability.

[0013] For the purposes of this description:

[0014] “Stylus” refers to a handheld apparatus for providing writing or
drawing gestures through space, on a touch sensitive surface, or both. The term “stylus”
may include, but is not limited to, an apparatus that is shaped like a pen or other
traditional writing or drawing instrument. The term stylus may also include a non-

traditional shaped instrument that is used for writing or drawing gestures.
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[0015] “Grip” refers to a portion of a handheld apparatus, including a stylus,
that is intended for placement of a user’s fingers to grip or hold the apparatus when in use.

[0016] Certain existing technology allows for gesture recognition in
conjunction with a computing device. Using conventional technology, it is possible to
write in the air by using an IR (infrared) sensing camera or other imaging system. For
example, technology provided by Leap Motion may be utilized with a computing system.
Further, another conventional option for writing or drawing in space is the use of “smart
rings” or other items to provide for tracking of motion using a motion sensor. Such
technologies may be used in certain context for writing or drawing symbols or shapes in
applications.

[0017] However, such conventional technologies do not allow for natural
variation in the thickness or darkness of a line during writing or drawing. Stated in
another way, conventional systems may allow for translation of motion into a line on a
screen, but such technologies do not provide any means of adding anything to the line
during the writing or drawing process.

[0018] In some embodiments, a handheld apparatus, including a wireless
stylus, provides force expression capability to provide a more natural writing or drawing
experience when providing writing or drawing gestures through space. In some
embodiments, force sensing by the apparatus allows a user to provide a force expression
that 1s similar to providing more or less force on a writing surface to vary a characteristic,
such as to provide a thicker or darker line, or a thinner or lighter line, on a display screen

in response to the application of a greater pressure, or a lesser pressure, on the stylus.
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[0019] In some embodiments, a same stylus that is used for writing or
drawing on the touchscreen of a tablet computer or other apparatus is a universal stylus
also operable to write or draw on a projected image or other display by performing a
gesture through space (which may also be referred to writing or drawing in the air. In
some embodiments, the stylus includes capability of communicating a force component
in the writing or drawing gesture through space. In some embodiments, the stylus
enables a user to apply a pressure to the stylus to express a pressure component
concurrently with the expression of a writing or drawing gesture through space.

[0020] In an example, a user who is providing a presenting to a group, such as
a teacher or instructor presenting to a classroom of students or a team member presenting
to others in a work group, may utilize an embodiment of a stylus to write or draw through
space, while currently providing a force component to express a line with a varying
characteristic in order to provide a certain expression. The expression that is provided by
the varying of a characteristic may include, but is not limited to, a wider or darker line for
emphasis, to provide a varying line in an artistic expression, or other type of expression.

[0021] In some embodiments, a stylus includes a force sensor to sense an
amount of pressure applied to the stylus, where the apparatus or system is to interpret the
amount of pressure applied to the stylus as a force expression in connection with a
writing or drawing gesture through space. In some embodiments, a stylus includes the
force sensor in a location that allows the user to vary the force applied to the stylus
concurrently with the expression of a writing or drawing expression through space. In
some embodiments, the force sensor surrounds a portion of a body of the stylus, or, stated

in another way, the force sensor is located along a circumference of the body of the stylus,
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to allow application of force to a surface of the stylus when the stylus is used in operation.
In some embodiments, a stylus further includes a grip, the force sensor being located to
sense pressure applied on the grip of the stylus, thus providing user access to the force
sensor when the stylus is held in a natural position for a writing or drawing gesture. In
one example, the grip may include a rubberized shell portion of the stylus for gripping the
stylus with the fingertips or other portion of the fingers of the user. In some
embodiments, a user may vary the application of pressure on the rubberized shell to vary
the force component applied when writing or drawing through space.

[0022] In some embodiments, an apparatus or system may provide a
beginning or end of stroke gesture in response to application of force on the force sensor
of a stylus. In some embodiments, a force that is below a certain threshold may be
interpreted as a motion in which the stylus is not engaged in writing or drawing, but is
rather in motion without writing or drawing operation, which may be referred to a “Pen
Up” (or Stylus Up”) mode. In some embodiments, a force that is equal to or above the
threshold may be interpreted as a motion in which the stylus is engaged in writing or
drawing, which may be referred to as a “Pen Down” (or “Stylus Down”) mode. For
example, a user may move to a location to begin a stroke in the Pen Up mode; apply a
greater pressure at least equal to the threshold to transition to the Pen Down mode,
thereby providing a beginning of stroke signal; write or draw a stroke, wherein a width or
darkness of the stroke is established by varying pressure on the force sensor; and release
pressure on the force sensor to transition to the Pen Up mode, thereby providing an end
of stroke signal. In this manner, an apparatus or system provides a natural writing or

drawing experience for a user when providing a gesture through space.
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[0023] Figure 1 is an illustration of system including a force sensing
apparatus according to an embodiment. In some embodiments, a force sensing stylus 100
includes a force sensor to generate force data in response to pressure applied to the stylus,
such a force sensor located to sense pressure applied to a body of the stylus. In some
embodiments, the stylus further includes a grip 110, the grip coving the force sensor at
least in part. In some embodiments, the stylus 100 is to generate force data in response to
pressure applied to the grip 110 of the stylus.

[0024] In some embodiments, the stylus 100 is to transmit motion data
including a force data component 140 to a linked system to present a display of writing or
drawing by the stylus through space. Motion data may also be referred to as gesture data.
In some embodiments, the force component of the data represents the pressure applied to
the stylus 100 by a user.

[0025] In some embodiments, the stylus provides the motion data 140 to a
computing system or apparatus 150 including a display 160 for interpretation and display
of the motion data. In addition a physical display screen, the display 160 may include a
projected display onto a screen or other surface.

[0026] In some embodiments, the application of pressure on the stylus 100 1s
to provide a force input concurrently with a stroke that is written or drawn by the user
through space. In some embodiments, the computing system 150 may detect the motion
data 140 that i1s generated by the stylus, interpret the data, and present an image on the
display 160 that varies in response to the amount of force that is applied to the stylus 100.
For example, a width or darkness of a particular stroke 170 may vary with the application

of pressure on the stylus 100, thus allowing for a change in the display of a stroke in real



WO 2018/000333 PCT/CN2016/087903

time as the image is generated. In some embodiments, the computing system 150 may
further detect the beginning and end of a stroke based on an amount of force applied to
the stylus, with an amount of force below a threshold being interpreted as a Pen Up mode
(not writing or drawing) and a force equal to or above the threshold being interpreted as a
Pen Down mode.

[0027] Figures 2A and 2B are illustrations of a force sensing apparatus
according to an embodiment. In some embodiments, the stylus 200 includes a body 210
(which may include, but is not limited to, a pen- or pencil-like cylinder shape) and a force
sensor 220 to detect force applied to the body 210 of the stylus 200 by a user to express a
force component of a writing or drawing gesture. In some embodiments, the force sensor
220 surrounds a portion of the body 210 of the stylus. In some embodiments, the force
sensor 220 is located along a circumference of the body 210 of the stylus 200.

[0028] In some embodiments, the stylus further includes a grip 230, where the
grip at least in part covers or encloses the force sensor 220, the force sensor 220 to detect
force applied to the grip 230 by a user to express a force component of a writing or
drawing gesture.

[0029] In the example, illustrated in Figure 1, the force sensor 220, grip 230,
or both of the stylus 200 is located in a region of the stylus 200 where the fingers 250 of
the user will naturally grasp or grip the stylus for a writing or drawing gesture. In an
embodiment of a stylus 200 including a grip 230, the grip provides a dual purpose of
holding the stylus and providing access to the force sensor for force expression by a user.

[0030] In some embodiments, the stylus 200 is linked with an apparatus or

system that includes a display, such as the display 160 of computing system 150
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illustrated in Figure 1, to present the writing or drawing gestures performed by the user.

In some embodiments, strokes generated by the stylus include a characteristic, such as a
width or darkness of a stroke that varies with the application of force on the force sensor
220 or via the grip 230.

[0031] In some embodiments, the surface of the grip 230 covering or
encompassing the force sensor at least in part is encapsulated with a material (with an
example being a conductive rubberized enclosure) and enable the charge of the body to
create sufficient capacitance and allow the same pen be used for writing on the regular
tablet using capacitive touch technology.

[0032] Figure 3 is an illustration of components of a force sensing stylus
according to an embodiment. In some embodiments, a stylus 300 includes a force
sensing resistor 305 to detect pressure applied to the stylus 300. As illustrated the force
sensing resistor 305, illustrated as having a first terminal coupled with a voltage V+and a
second terminal coupled with a second resistance, RM 310, and with an amplifier
element to generate a voltage signal that is provided to an analog to digital converter,
ADC 320, to generate force data for a microcontroller 325.

[0033] In some embodiments, the stylus 300 further includes one or more
other sensors to sense movement of the stylus for writing or drawing operation. For
example, the one more movement sensors may include one or more of an accelerometer
(to measure proper acceleration or g-force) and a gyro sensor 330 (to sense angular
velocity, also referred to as an angular velocity sensor), which are also coupled with
microcontroller 325. In some embodiments, the force/pressure sensor data for a stylus,

together with the movement data generated by one or more of the accelerometer and gyro
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sensor 330 are directed by the microcontroller 325 to a wireless transmitter (wherein a
transmitter may be a portion of a transceiver) 335 for transmission to a host computer 350.

[0034] It is noted that a high amount of latency in the operation of a stylus
would be unacceptable as a significant lag between the motion and the system
presentation of the movement and force data in the form of a displayed line or shape
would defeat the purpose of natural writing or drawing motion, resulting in a very poor
user experience in operation. In some embodiments, the force and movement data 1s
transmitted to the to the host device 350 using a low latency wireless link to allow for
natural operation by a user operating the stylus. The total writing latency can be within a
normal range of 65-100 mSec (microseconds) that is provided by most touch enabled
devices, such as a 2 in 1 or detachable computer, Ultrabook or other laptop or notebook
computer, tablet computer, or smartphone.

[0035] It is noted the common Bluetooth link provides a reasonable latency in
operation, and will generally provide acceptable performance in writing or drawing
operation. However, technologies may be applied that reduce latency times further. In
an example, the Ulolat (Ultra-Low Latency Wireless Connectivity) technology of
Qualcomm Inc. is intended to provide end to end latency of approximately 1 mSec for
intra and inter machine communications in the 2.4 GHz. (gigahertz) or 5 GHz. bands.

[0036] Figure 4 is an illustration of a stylus with force sensing capability
according to an embodiment. In some embodiments, an operational universal stylus with
force sensing capability may include, but is not limited to:

[0037] A body 425, which may include, but is not limited to, a pen- or pencil-

shaped body.
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[0038] A stylus tip 405 for use as a touchscreen stylus in addition to operation
for writing or drawing in space. In some embodiments, the stylus tip 405 may be
retractable to, for example, allow extension of the tip when the stylus is in use with a
touchscreen and retraction of the tip when the stylus is in use for writing or drawing
through space.

[0039] A front cap 410 to stabilize the tip 405, and a metal cap or sleeve 415
to couple the front cap and tip 405 to the body 425 of the stylus 400.

[0040] A knob 420 to provide control function including, for example, to turn
on the electronics of the stylus 400 for motion and force sensing. In some embodiments,
the stylus may turn off the electronics or transition the electronics to a standby state after
a period without movement to conserve power.

[0041] A battery 430 to power the stylus, where the battery may be
rechargeable or non-rechargeable battery. One example may be an AAAA size battery,
which has a size and shape that will fit within a pen-shaped stylus body 425.

[0042] An end cap 435 to provide access to the battery 430 and possibly other
components. Further, the end cap may in some instance be used to retract or extend the
stylus tip 405.

[0043] Figure 5 is an illustration of interpretation of force data from a force
sensing stylus according to an embodiment. In the illustrated graph, a resistance (in kilo-
ohms, kQ) provided by a certain force sensing resistor with the application of a certain
form (expressed in grams, g).

[0044] In some embodiments, a force below a certain threshold force level,

such as roughly 60 grams in Figure 5, is to interpreted as not writing or drawing, or a

10
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“Pen Up” (or “Stylus Up”) state; and a force equal to or above the threshold as writing or
drawing, or a “Pen Down” (or “Stylus Down”) state. In this manner, a user may move
the stylus through space to a location for beginning a stroke, apply sufficient force to
commence the stroke, and then release the pressure to end the stroke. Further, the user
may modify a characteristic (such as width or darkness) of a line by modulating the
amount of pressure applied to the force sensing resistor during the stroke.

[0045] In some embodiments, a stylus may further include a time limit for
changes to the Pen Up and Pen Down states to reduce the likelihood that a momentary
increase or decrease in pressure will cause the drawing of an unintended line, or create an
unintended gap in a line.

[0046] In some embodiments, the force threshold may have a set or initial
value. In some embodiments, the threshold may have an adjustable value for a particular
user, which may be modified as needed based on the strength of the user and other factors.

[0047] Figure 6 is a flowchart to illustrate a process for enabling writing or
drawing through space with force sensing capability according to an embodiment. In
some embodiments, a process 600 includes commencing a writing or drawing operation
604, and establishing a wireless link with a force sensing stylus 608. In some
embodiments, the operations are provided by a computing system, such as the computing
system 150 illustrated in Figure 1. In some embodiments, the process continues with the
reception of motion and force data from the operation of the stylus 612, with operation
including tracking motion of the stylus based on the motion data. In some embodiments,
the operation includes the presentation of writing or drawing from the stylus on a display,

such as the display 160 illustrated in Figure 1.

11
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[0048] In some embodiments, if the force data received from the stylus is
greater than or equal to (or simply greater than) a certain force threshold (Fr) 616, then
the operation is to transition to a Pen Down mode, indicating a start of a stroke through
space and presentation of a line or shape that is written or drawn by the stylus 624. In
some embodiments, the transition is not to occur unless the force remains equal to or
greater than the threshold for at least a certain minimum length of time. If the force data
received from the stylus is less than (or less than or equal to) the force threshold Fr 616,
then the operation is to transition to (or remain in) a Pen Up mode and continue tracking
motion of the stylus 620 as the stylus moves through space. In some embodiments, the
initial or default mode for a system is the Pen Up mode.

[0049] Upon commencing the Pen Down mode, if the force level remains
greater than or equal to the force threshold Fr 628, then the system is to present the line
or shape written or drawn by the movement of the stylus in response to the motion and
force data, with a characteristic (such as width or darkness) of the line or shape to vary
based at least in part on the force level indicated by the force data 636. If the force level
drops below the force threshold Fr 628, then the system is to transition back to the Pen
Up mode resulting in an end of the current stroke and the end of the displayed line or
shape 632. In some embodiments, the transition is not to occur unless the force remains
below the threshold for at least a certain minimum length of time.

[0050] Figure 7 is an illustration of an embodiment of a system including a
universal wireless stylus and computing system according to an embodiment. In this
illustration, certain standard and well-known components that are not germane to the

present description are not shown. Elements shown as separate elements may be
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combined, including, for example, an SoC (System on Chip) combining multiple
elements on a single chip.

[0051] In some embodiments, a system includes a wireless stylus 700,
wherein the stylus 700 includes, but is not limited to, a force sensor 705 to sense force on
the stylus, one or more motion sensors 730 to sense motion of the stylus, a
microcontroller 725 to control operation of the stylus and to provide force and motion
data, and a transmitter or transceiver 735 to transmit force data and motion data via a
wireless link 740 to a computing system or apparatus 750. In some embodiments, the
components of the universal stylus 700 include components illustrated in Figures 3 and 4.

[0052] In some embodiments, the computing system 750 may include a
processing means such as one or more processors 760 coupled to one or more buses or
interconnects, shown in general as bus 752. The processors 760 may comprise one or
more physical processors and one or more logical processors. In some embodiments, the
processors may include one or more general-purpose processors or special-processor
processors. In some embodiments, the computing system 750 provides for gesture
recognition based at least in part on the force data and motion data received from the
stylus 700.

[0053] In some embodiments, the bus 752 is a communication means for
transmission of data. The bus 752 is illustrated as a single bus for simplicity, but may
represent multiple different interconnects or buses and the component connections to
such interconnects or buses may vary. The bus 752 shown in Figure 7 is an abstraction
that represents any one or more separate physical buses, point-to-point connections, or

both connected by appropriate bridges, adapters, or controllers.
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[0054] In some embodiments, the computing system 750 further comprises a
random access memory (RAM) or other dynamic storage device or element as a main
memory 762 for storing information and instructions to be executed by the processors
760. Main memory 762 may include, but is not limited to, dynamic random access
memory (DRAM).

[0055] The computing system 750 also may comprise a non-volatile memory
764; a storage device such as a solid state drive (SSD) 766; and a read only memory
(ROM) 768 or other static storage device for storing static information and instructions
for the processors 760.

[0056] In some embodiments, the computing system 750 includes one or
more transmitters or receivers 770 coupled to the bus 752. In some embodiments, the
computing system 750 may include one or more antennae 774, such as dipole or
monopole antennae, for the transmission and reception of data via wireless
communication using a wireless transmitter, receiver, or both, and one or more ports 772
for the transmission and reception of data via wired communications. Wireless
communication includes, but is not limited to, Bluetooth™ Wi-Fi, near field
communication, Ulolat (Ultra-Low Latency Wireless Connectivity), and other wireless
communication standards.

[0057] In some embodiments, computing system 750 includes one or more
input devices 782 for the input of data, including hard and soft buttons, a joy stick, a
mouse or other pointing device, a keyboard, voice command system, or gesture
recognition system. In some embodiments, the universal stylus 700 also operates as an

input device to the computing system 750.
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[0058] In some embodiments, the computing system 750 includes an output
display 780, where the display 780 may include a liquid crystal display (LCD) or any
other display technology, for displaying information or content to a user. In some
environments, the display 780 may include a touchscreen that is also utilized as at least a
part of an input device 782, wherein the universal stylus 700 may also operate as stylus
with such touchscreen. Output display 780 may further include audio output, including
one or more speakers, audio output jacks, or other audio, and other output to the user.

[0059] The computing system 750 may also comprise a battery or other power
source 784, which may include a power adapter, a solar cell, a fuel cell, a charged
capacitor, near field inductive coupling, or other system or device for providing or
generating power in the computing system 750. The power provided by the power source

784 may be distributed as required to elements of the computing system 750.

[0060] In the description above, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the described
embodiments. It will be apparent, however, to one skilled in the art that embodiments
may be practiced without some of these specific details. In other instances, well-known
structures and devices are shown in block diagram form. There may be intermediate
structure between illustrated components. The components described or illustrated herein
may have additional inputs or outputs that are not illustrated or described.

[0061] Various embodiments may include various processes. These processes
may be performed by hardware components or may be embodied in computer program or

machine-executable instructions, which may be used to cause a general-purpose or
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special-purpose processor or logic circuits programmed with the instructions to perform
the processes. Alternatively, the processes may be performed by a combination of
hardware and software.

[0062] Portions of various embodiments may be provided as a computer
program product, which may include a computer-readable medium having stored thereon
computer program instructions, which may be used to program a computer (or other
electronic devices) for execution by one or more processors to perform a process
according to certain embodiments. The computer-readable medium may include, but is
not limited to, magnetic disks, optical disks, read-only memory (ROM), random access
memory (RAM), erasable programmable read-only memory (EPROM), electrically-
erasable programmable read-only memory (EEPROM), magnetic or optical cards, flash
memory, or other type of computer-readable medium suitable for storing electronic
instructions. Moreover, embodiments may also be downloaded as a computer program
product, wherein the program may be transferred from a remote computer to a requesting
computer.

[0063] Many of the methods are described in their most basic form, but
processes can be added to or deleted from any of the methods and information can be
added or subtracted from any of the described messages without departing from the basic
scope of the present embodiments. It will be apparent to those skilled in the art that many
further modifications and adaptations can be made. The particular embodiments are not
provided to limit the concept but to illustrate it. The scope of the embodiments is not to

be determined by the specific examples provided above but only by the claims below.
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[0064] If it is said that an element “A” is coupled to or with element
“B,” element A may be directly coupled to element B or be indirectly coupled through,
for example, element C. When the specification or claims state that a component, feature,
structure, process, or characteristic A “causes” a component, feature, structure, process,
or characteristic B, it means that “A” is at least a partial cause of “B” but that there may
also be at least one other component, feature, structure, process, or characteristic that
assists in causing “B.” If the specification indicates that a component, feature, structure,
process, or characteristic “may”, “might”, or “could” be included, that particular
component, feature, structure, process, or characteristic is not required to be included. If
the specification or claim refers to “a” or “an” element, this does not mean there is only

one of the described elements.

[0065] An embodiment is an implementation or example. Reference in the

2 < 2 <

specification to “an embodiment,” “one embodiment,” “some embodiments,” or “other
embodiments” means that a particular feature, structure, or characteristic described in
connection with the embodiments 1s included in at least some embodiments, but not
necessarily all embodiments. The various appearances of “an embodiment,” “one
embodiment,” or “some embodiments” are not necessarily all referring to the same
embodiments. It should be appreciated that in the foregoing description of exemplary
embodiments, various features are sometimes grouped together in a single embodiment,
figure, or description thereof for the purpose of streamlining the disclosure and aiding in
the understanding of one or more of the various novel aspects. This method of disclosure,

however, is not to be interpreted as reflecting an intention that the claimed embodiments

requires more features than are expressly recited in each claim. Rather, as the following
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claims reflect, novel aspects lie in less than all features of a single foregoing disclosed
embodiment. Thus, the claims are hereby expressly incorporated into this description,

with each claim standing on its own as a separate embodiment.

[0066] In some embodiments, an apparatus includes a body; a microcontroller;
a force sensor to detect a pressure applied against the body of the apparatus; one or more
motion sensors; and a wireless transmitter and antenna, the microcontroller to transmit
force data from the force sensor and motion data from the one or more motion sensors via
the wireless transmitter and antenna.

[0067] In some embodiments, the apparatus is a handheld stylus for drawing
or writing through space.

[0068] In some embodiments, the apparatus further includes a stylus tip for
use of the apparatus as a stylus on a touchscreen.

[0069] In some embodiments, the force sensor surrounds a portion of the body
of the apparatus.

[0070] In some embodiments, the apparatus further includes a grip covering
the force sensor at least in part. In some embodiments, the grip is located in a portion of
the apparatus to be gripped by one or more fingers of a user of the apparatus.

[0071] In some embodiments, the one or more motion sensors include one or
more of an accelerometer and a gyro sensor. In some embodiments, the force sensor
includes a force sensing resistor.

[0072] In some embodiments, apparatus is to concurrently generate the force

data and the motion data.
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[0073] In some embodiments, the body of the apparatus includes a cylindrical
body portion.

[0074] In some embodiments, one or more non-transitory computer-readable
storage mediums having stored thereon data representing sequences of instructions that,
when executed by one or more processors, cause the one or more processors to perform
operations comprising: wirelessly receiving force data and motion data from an apparatus,
the force data representing a force applied against a body of the apparatus; tracking
motion of the apparatus through space based at least in part on the motion data;
displaying a line or shape on a display based at least in part on the motion data; and
varying a characteristic of the line or shape based at least in part on a force level from the
force data.

[0075] In some embodiments, the instructions further include comparing the
force level from the force data to a force threshold; and upon determining that the force
level is greater than or equal to the force threshold, transitioning to a first mode to start a
stroke through space that is written or drawn with the apparatus.

[0076] In some embodiments, the instructions further include, upon
determining that the force level is below the force threshold, transitioning to a second
mode to end the stroke written or drawn through space with the apparatus.

[0077] In some embodiments, comparing the force level to a force threshold
includes ignoring a change in the force level that has a duration of less than a certain time
period.

[0078] In some embodiments, the characteristic is one of a width of the line or

shape or a darkness of the line or shape.
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[0079] In some embodiments, displaying the line or shape on a display based
at least in part on the motion data includes performing gesture recognition based at least
in part on the motion data.

[0080] In some embodiments, an apparatus includes means for wirelessly
receiving force data and motion data from a second apparatus, the force data representing
a force applied against a body of the second apparatus; means for tracking motion of the
second apparatus through space based at least in part on the motion data; means for
displaying a line or shape on a display based at least in part on the motion data; and
means for varying a characteristic of the line or shape based at least in part on a force
level from the force data.

[0081] In some embodiments, the apparatus further includes means for
comparing the force level from the force data to a force threshold; and means for
transitioning to a first mode to start a stroke that is written or drawn through space with
the second apparatus upon determining that the force level is greater than or equal to the
force threshold.

[0082] In some embodiments, the apparatus further includes means for
transitioning to a second mode to end the stroke written or drawn through space with the
second apparatus upon determining that the force level is below the force threshold.

[0083] In some embodiments, comparing the force level to a force threshold
includes ignoring a change in the force level that has a duration of less than a certain time
period.

[0084] In some embodiments, the characteristic is one of a width of the line or

shape or a darkness of the line or shape.
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[0085] In some embodiments, displaying the line or shape on a display based
at least in part on the motion data includes performing gesture recognition based at least
in part on the motion data.

[0086] In some embodiments, a system includes a wireless stylus including a
body, a microcontroller, a force sensor to detect a force applied against the body of the
stylus, one or more motion sensors, and a wireless transmitter and antenna, the
microcontroller to transmit force data from the force sensor and motion data from the one
or more motion sensors via the wireless transmitter and antenna; and a computing system
including a processor to process the force data and the motion data, a wireless receiver
and antenna to receive the force data and motion data from the stylus, and a display to
display a line or shape written or drawn by the stylus through space, wherein the
computing system is to generate the line or shape based at least in part on the motion data,
wherein generating the line or shape includes varying a characteristic of the line or shape
based at least in part on a force level from the force data.

[0087] In some embodiments, the computing system is further to compare the
force level from the force data to a force threshold; and upon determining that the force
level is greater than or equal to the force threshold, transition to a first mode to start a
stroke that is written or drawn with the stylus through space.

[0088] In some embodiments, the computing system is further to, upon
determining that the force level is below the force threshold, transition to a second mode
to end the stroke written or drawn with the stylus through space.

[0089] In some embodiments, the characteristic is one of a width of the line or

shape or a darkness of the line or shape.
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[0090] In some embodiments, the force sensor is located along a
circumference of the body of the stylus.

[0091] In some embodiments, the stylus further includes a grip covering the
force sensor at least in part.

[0092] In some embodiments, the one or more motion sensors include one or
more of an accelerometer and a gyro sensor. In some embodiments, the force sensor
includes a force sensing resistor.

[0093] In some embodiments, the stylus is to concurrently generate the force

data and the motion data.

22



WO 2018/000333 PCT/CN2016/087903

CLAIMS

‘What is claimed is:

1. An apparatus comprising:

a body;

a microcontroller;

a force sensor to detect a pressure applied against the body of the apparatus;

one or more motion sensors; and

a wireless transmitter and antenna, the microcontroller to transmit force data from
the force sensor and motion data from the one or more motion sensors via the wireless

transmitter and antenna.

2. The apparatus of claim 1, wherein the apparatus is a handheld stylus for drawing

or writing through space.

3. The apparatus of claim 1, further comprising a stylus tip for use of the apparatus

as a stylus on a touchscreen.

4. The apparatus of claim 1, wherein the force sensor surrounds a portion of the
body of the apparatus.
3. The apparatus of claim 1, further comprising a grip covering the force sensor at

least in part.

6. The apparatus of claim 5, wherein the grip is located in a portion of the apparatus

to be gripped by one or more fingers of a user of the apparatus.
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7. The apparatus of claim 1, wherein the one or more motion sensors include one or

more of an accelerometer and a gyro sensor.

8. The apparatus of claim 1, wherein the force sensor includes a force sensing
resistor.
9. The apparatus of claim 1, wherein the apparatus is to concurrently generate the

force data and the motion data.

10. The apparatus of claim 1, wherein the body of the apparatus includes a cylindrical
body portion.
11. One or more non-transitory computer-readable storage mediums having stored

thereon data representing sequences of instructions that, when executed by one or more
processors, cause the one or more processors to perform operations comprising:

wirelessly receiving force data and motion data from an apparatus, the force data
representing a force applied against a body of the apparatus;

tracking motion of the apparatus through space based at least in part on the
motion data;

displaying a line or shape on a display based at least in part on the motion data;
and

varying a characteristic of the line or shape based at least in part on a force level

from the force data.

12. The medium of claim 11, further comprising instructions to cause the one or more

processors to perform operations comprising:
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comparing the force level from the force data to a force threshold; and
upon determining that the force level is greater than or equal to the force threshold,
transitioning to a first mode to start a stroke that is written or drawn through space with

the apparatus.

13. The medium of claim 12, further comprising instructions to cause the one or more
processors to perform operations comprising:
upon determining that the force level is below the force threshold, transitioning to

a second mode to end the stroke written or drawn through space with the apparatus.

14. The medium of claim 13, wherein comparing the force level to a force threshold
includes ignoring a change in the force level that has a duration of less than a certain time

period.

15. The medium of claim 11, wherein the characteristic is one of a width of the line or

shape or a darkness of the line or shape.

16. The medium of claim 11, wherein displaying the line or shape on a display based
at least in part on the motion data includes performing gesture recognition based at least

in part on the motion data.

17. A system comprising:
a wireless stylus including a body, a microcontroller, a force sensor to detect a
force applied against the body of the stylus, one or more motion sensors, and a wireless

transmitter and antenna, the microcontroller to transmit force data from the force sensor
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and motion data from the one or more motion sensors via the wireless transmitter and
antenna; and

a computing system including a processor to process the force data and the
motion data, a wireless receiver and antenna to receive the force data and motion data
from the stylus, and a display to display a line or shape written or drawn by the stylus
through space;

wherein the computing system is to generate the line or shape based at least in
part on the motion data, wherein generating the line or shape includes varying a

characteristic of the line or shape based at least in part on a force level from the force data.

18. The system of claim 17, wherein the computing system is further to:

compare the force level from the force data to a force threshold; and

upon determining that the force level is greater than or equal to the force threshold,
transition to a first mode to start a stroke that is written or drawn with the stylus through

space.

19. The system of claim 18, wherein the computing system is further to:
upon determining that the force level is below the force threshold, transition to a

second mode to end the stroke written or drawn with the stylus through space.

20. The system of claim 17, wherein the characteristic is one of a width of the line or

shape or a darkness of the line or shape.

21. The system of claim 17, wherein the force sensor is located along a circumference

of the body of the stylus.
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22. The system of claim 17, wherein the stylus further includes a grip covering the

force sensor at least in part.

23. The system of claim 17, wherein the one or more motion sensors include one or

more of an accelerometer and a gyro sensor.

24. The system of claim 17, wherein the force sensor includes a force sensing resistor.

25. The system of claim 17, wherein the stylus is to concurrently generate the force

data and the motion data.
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