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(57) Abstract: A physically-modulated friction stylus sys-
tem and method for physically modulating friction between
a styli tip and a surface of a computing device to emulate
the "feel" of different types of writing instruments writing
on different types of surfaces (such as pen on paper or a
paintbrush on canvas). The actual friction between the
stylus and the surface is modulated to produce the "feel."
The friction is physically modulated "on the fly" meaning
that friction can be modulated while the stylus tip is in con-
tact with the surface and while the stylus is moving. The
friction is modulated dependent on a location of the stylus
on the surface and the posture and orientation of the stylus.
In addition, the friction can be modulated based on a direc-
tion and a velocity that the stylus tip is moving across the
surface. Audio may also be used to improve the emulation
experience.
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PHYSICALLY MODULATING FRICTION IN A STYLUS
BACKGROUND

[0001]  Styli are often used with computer tablets, embedded devices, and mobile
computers to allow a user to provide input to the system. These styli often lack the range
of mechanical friction behaviors seen with traditional writing instruments such as pens and
pencils. This impacts the ability of users to achieve the types of writing and drawing
effects they are used to creating with these traditional writing instruments. Moreover,
unlike traditional writing instruments on various surfaces (such as paper), these styli have
the same tactile feel no matter where on the surface they contact and no matter which what
the styli are moving on the surface.
[0002] Users typically are used to a certain “feel” of their preferred writing instrument
and know how to take advantage of that feel. Some users dislike writing on a very hard
surface (such as a desktop), so they use blotters to make the pen on the paper feel right.
What is really happening here is that the pen sinks into the blotter such that the friction
that the user feels goes up as compared to writing on a hard surface. Users definitely have
preferences about the amount of friction that they desire when they are writing on a
surface.
[0003] In addition, many styli lack the tactile feedback of traditional writing instruments
on a writing surface that give these instruments their familiar feel. For example, writing
with a stylus on a glass surface feels nothing like writing with a pencil on paper. With pen
on paper the “feel” is different when the stroke is going in one direction than it is when
going in another direction. But pen on glass tends to feel the same in all directions of the
stroke. This is because unlike the pencil on paper the friction of the styli on the glass
surface is the same no matter what the orientation of the stylus relative to the glass surface.
[0004] In addition not having the frictional behavior of traditional writing instruments,
computer styli often do not “sound right.” Many studies suggest that sounds play an
important part in convincingly making the human brain believe what is being felt and
seen. Although some techniques have added sounds to the computer styli these technique
are often unconvincing.

SUMMARY
[0005] 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
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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.

[0006] Embodiments of the physically-modulated friction stylus system and method
physically modulate the friction between the styli tip and the surface of the computing
device in order to emulate different types writing instruments. Moreover, embodiments of
the system and method can physically modulate the friction to emulate the feel of these
various types of writing instruments writing on different types of surfaces (such as pen on
paper or a paintbrush on canvas). Thus, the actual friction between the stylus and the
surface is modulated to produce the “feel” of a desired writing instrument on a desired
writing surface.

[0007] The friction is physically modulated “on the fly” meaning that friction changes
can be made during the execution of an activity. Typically this means that the friction can
be modulate while the stylus tip is in contact with the surface and while the stylus is
moving. This also means that the friction can be physically modulated without taking the
stylus tip off the surface. Moreover, the friction is modulated dependent on a location of
the stylus on the surface and the posture and orientation of the stylus. In addition, the
friction can be modulated based on a direction or velocity that the stylus tip is moving
across the surface. Each of these actions provides the user with a sensory experience (or
emulation experience) such that the stylus on the surface has the “feel” of the desired
writing instrument on a desired writing surface (such as pencil writing on cardboard).
[0008] Embodiments of the physically-modulated friction stylus system and method use
a physical modulation mechanism to achieve the friction modulation. The system and
method contain several embodiments of the physical modulation mechanism. Any one of
these embodiments can be used alone or in any combination with one another.

[0009] A first embodiment physically vibrates the tip of the stylus. One way in which
this can be done is to use an actuator to vibrate the stylus tip (such as a piezoelectric
actuator). Another way in which this can be done is to etch the surface (such as with
grooves or pits) and move the stylus tip over the etched surface to vibrate the stylus tip.
[0010] A second embodiment uses a clutching mechanism to clutch a ball making up the
stylus tip. The ball is in contact with the surface and the friction is modulated by clutching
the ball with the clutching mechanism. The clutching mechanism may be external to the
stylus, such as a magnetic force emanating from the surface. Alternatively, the clutching

mechanism may be internal to the stylus. This internal clutching mechanism may make
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physical contact with the ball or the ball may be clutched without making any physical
contact between the ball and the clutching mechanism.

[0011] A third embodiment of the physical modulation mechanism uses various
materials at the stylus tip to physically modulate the friction between the stylus tip and the
surface. This can be achieved by moving a first material out through the stylus tip relative
to a second material. In this manner the first material contacts the surface while the
second material withdraws from the surface. In some embodiments the first material is
moved out through holes in the second material.

[0012] Embodiments of the physically-modulated friction stylus system and method also
include varying parameters dynamically in accordance with underlying graphics displayed
on the surface of the computing device or with an application running on the computing
device. For example, friction and “stickiness” may be varied by stylus location so as to
help users find on-screen controls. Friction is a lateral adhesion between two bodies.
Friction forces act parallel to a surface in the opposite direction of motion. Stickiness is a
combination of several physical manifestations of adhesion. Most adhesion forces act
normal to the surface as the contact patch between the stylus and the surface is reduced or
changed in shape. In addition, a program that teaches kids to make write by making letters
may use physically modulated friction to attempt to guide a child towards correct strokes.
[0013] Embodiments of the physically-modulated friction stylus system and method also
include several audio and visual emulation enhancements. Audio effects include
providing audio of the stylus tip moving across the surface such that the audio appears to
be coming from the stylus tip and emulates the sound of a desired writing instrument. The
audio playback system can be on the stylus, external the stylus, or both. The audio may be
varied based on a direction that the stylus is moving on the surface.

[0014] Visual effects may be created on the surface such that it appears as if the stylus is
writing on desired writing surface. In particular, the visual effects correspond to the
desired writing instrument writing on the desired writing surface to give this illusion when
the stylus is writing on the surface. This further enhances the emulation and sensory
experience of the user.

[0015] It should be noted that alternative embodiments are possible, and steps and
elements discussed herein may be changed, added, or eliminated, depending on the
particular embodiment. These alternative embodiments include alternative steps and
alternative elements that may be used, and structural changes that may be made, without

departing from the scope of the invention.
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DRAWINGS DESCRIPTION

[0016] Referring now to the drawings in which like reference numbers represent
corresponding parts throughout:
[0017] FIG. 1 is a block diagram illustrating a general overview of embodiments of the
physically-modulated friction stylus system and method implemented in a computing
environment.
[0018] FIG. 2 illustrates a simplified example of a general-purpose computer system on
which various embodiments and elements of the physically-modulated friction stylus
system and method, as described herein and shown in FIGS. 1 and 3-8, may be
implemented.
[0019] FIG. 3 is a flow diagram illustrating the general operation of embodiments of the
physically-modulated friction stylus system and method shown in FIG. 1.
[0020] FIG. 4 is a flow diagram illustrating the operational details of the first
embodiment of the physical modulation mechanism shown in FIG. 3.
[0021] FIG. 5 is a flow diagram illustrating the operational details of the second
embodiment of the physical modulation mechanism shown in FIG. 3.
[0022] FIG. 6 is a flow diagram illustrating the operational details of the third
embodiment of the physical modulation mechanism shown in FIG. 3.
[0023] FIG. 7 is a flow diagram illustrating the operational details of modulating friction
based on a position of the stylus shown in FIG. 1.
[0024] FIG. 8 is a flow diagram illustrating the operational details of providing audio
and visual emulation enhancements to the physically-modulated friction stylus system
shown in FIG. 1

DETAILED DESCRIPTION

[0025] In the following description of embodiments of a physically-modulated friction
stylus system and method reference is made to the accompanying drawings, which form a
part thereof, and in which is shown by way of illustration a specific example whereby
embodiments of the physically-modulated friction stylus system and method may be
practiced. It is to be understood that other embodiments may be utilized and structural
changes may be made without departing from the scope of the claimed subject matter.

1. System Overview

[0026] Embodiments of the physically-modulated friction stylus system and method
provide a way for a user to change the friction of the tip of a stylus on the fly and while the

stylus tip is in contact with the surface of a computing device. This allows embodiments
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of the physically-modulated friction stylus system and method to emulate different styli on
the fly. Embodiments of the physically-modulated friction stylus system and method are
also able to emulate the “feel” of various combinations of different writing instruments
being used on different types of surfaces, such as a pen on paper or paintbrush on wood.
[0027]  Other embodiments of the system and method use motion-sensing stylus gestures
that function even when the pen is away from the screen. Haptic, tactile, or vibrotactile
enhancement of the stylus (or parts thereof) and possibly of a tablet itself (presuming it is
still being held in the opposite hand) can be employed away from the surface to offer
feedback on gestures or other notifications and refinements for interaction. Furthermore,
even without these, a stylus may be used while in hover range (in other words, when the
stylus is not touching the surface but still within the cursor tracking distance) and gestures
or movements made in this region may benefit from tactile enhancements as well.

[0028] FIG. 1 is a block diagram illustrating a general overview of embodiments of the
physically-modulated friction stylus system and method implemented in a computing
environment. In particular, embodiments of the physically-modulated friction stylus
system 100 include a computing device 110 having a surface 120, such as a touchscreen
surface. Embodiments of the physically-modulated friction stylus system 100 also include
a stylus 130 having a stylus tip 140.

[0029] The stylus 130 is used to input information (such as data and commands) into the
computing device 110. This input of data occurs by having a user (not shown) hold the
stylus 130 and by placing the stylus tip 140 in contact with the surface 120 and performing
any of a variety of movements. These movements include pressing on the surface 120 and
writing on the surface 120. For example, in FIG. 1 the input text 150 is shown on the
surface 120 that has been made by the user by writing with the stylus 130 on the surface
120. With this and various other movements the user can interact with the computing
device 110 by the stylus 130 and the surface 120.

II. Exemplary Operating Environment

[0030] Before proceeding further with the operational overview and details of
embodiments of the physically-modulated friction stylus system 100 and method, a
discussion will now be presented of an exemplary operating environment in which
embodiments of the physically-modulated friction stylus system 100 and method may
operate. Embodiments of the physically-modulated friction stylus system 100 and method
described herein are operational within numerous types of general purpose or special

purpose computing system environments or configurations.
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[0031] FIG. 2 illustrates a simplified example of a general-purpose computer system on
which various embodiments and elements of the physically-modulated friction stylus
system 100 and method, as described herein and shown in FIGS. 1 and 3-8, may be
implemented. It should be noted that any boxes that are represented by broken or dashed
lines in FIG. 2 represent alternate embodiments of the simplified computing device, and
that any or all of these alternate embodiments, as described below, may be used in
combination with other alternate embodiments that are described throughout this
document.

[0032] For example, FIG. 2 shows a general system diagram showing a simplified
computing device 10. The simplified computing device 10 may be a simplified version of
the computing device 110 shown in FIG. 1. Such computing devices can be typically be
found in devices having at least some minimum computational capability, including, but
not limited to, personal computers, server computers, hand-held computing devices, laptop
or mobile computers, communications devices such as cell phones and PDA’s,
multiprocessor systems, microprocessor-based systems, set top boxes, programmable
consumer electronics, network PCs, minicomputers, mainframe computers, audio or video
media players, etc.

[0033] To allow a device to implement embodiments of the physically-modulated
friction stylus system 100 and method described herein, the device should have a
sufficient computational capability and system memory to enable basic computational
operations. In particular, as illustrated by FIG. 2, the computational capability is generally
illustrated by one or more processing unit(s) 12, and may also include one or more GPUs
14, either or both in communication with system memory 16. Note that that the
processing unit(s) 12 of the general computing device of may be specialized
microprocessors, such as a DSP, a VLIW, or other micro-controller, or can be
conventional CPUs having one or more processing cores, including specialized GPU-
based cores in a multi-core CPU.

[0034] In addition, the simplified computing device 10 of FIG. 2 may also include other
components, such as, for example, a communications interface 18. The simplified
computing device 10 of FIG. 2 may also include one or more conventional computer input
devices 20 (e.g., styli (such as the stylus 130 shown in FIG. 1), pointing devices,
keyboards, audio input devices, video input devices, haptic input devices, devices for
receiving wired or wireless data transmissions, etc.). The simplified computing device 10

of FIG. 2 may also include other optional components, such as, for example, one or more
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conventional computer output devices 22 (e.g., display device(s) 24, audio output devices,
video output devices, devices for transmitting wired or wireless data transmissions, etc.).
Note that typical communications interfaces 18, input devices 20, output devices 22, and
storage devices 26 for general-purpose computers are well known to those skilled in the
art, and will not be described in detail herein.

[0035] The simplified computing device 10 of FIG. 2 may also include a variety of
computer readable media. Computer readable media can be any available media that can
be accessed by the simplified computing device 10 via storage devices 26 and includes
both volatile and nonvolatile media that is either removable 28 and/or non-removable 30,
for storage of information such as computer-readable or computer-executable instructions,
data structures, program modules, or other data. By way of example, and not limitation,
computer readable media may comprise computer storage media and communication
media. Computer storage media includes, but is not limited to, computer or machine
readable media or storage devices such as DVD’s, CD’s, floppy disks, tape drives, hard
drives, optical drives, solid state memory devices, RAM, ROM, EEPROM, flash memory
or other memory technology, magnetic cassettes, magnetic tapes, magnetic disk storage, or
other magnetic storage devices, or any other device which can be used to store the desired
information and which can be accessed by one or more computing devices.

[0036] Retention of information such as computer-readable or computer-executable
instructions, data structures, program modules, etc., can also be accomplished by using
any of a variety of the aforementioned communication media to encode one or more
modulated data signals or carrier waves, or other transport mechanisms or
communications protocols, and includes any wired or wireless information delivery
mechanism. Note that the terms “modulated data signal” or “carrier wave” generally refer
to a signal that has one or more of its characteristics set or changed in such a manner as to
encode information in the signal. For example, communication media includes wired
media such as a wired network or direct-wired connection carrying one or more modulated
data signals, and wireless media such as acoustic, RF, infrared, laser, and other wireless
media for transmitting and/or receiving one or more modulated data signals or carrier
waves. Combinations of the any of the above should also be included within the scope of
communication media.

[0037]  Further, software, programs, and/or computer program products embodying the
some or all of the various embodiments of the physically-modulated friction stylus system

100 and method described herein, or portions thereof, may be stored, received,
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transmitted, or read from any desired combination of computer or machine readable media
or storage devices and communication media in the form of computer executable
instructions or other data structures.

[0038] Finally, embodiments of the physically-modulated friction stylus system 100 and
method described herein may be further described in the general context of computer-
executable instructions, such as program modules, being executed by a computing device.
Generally, program modules include routines, programs, objects, components, data
structures, etc., that perform particular tasks or implement particular abstract data types.
The embodiments described herein may also be practiced in distributed computing
environments where tasks are performed by one or more remote processing devices, or
within a cloud of one or more devices, that are linked through one or more
communications networks. In a distributed computing environment, program modules
may be located in both local and remote computer storage media including media storage
devices. Still further, the aforementioned instructions may be implemented, in part or in
whole, as hardware logic circuits, which may or may not include a processor.

I11. Operational Overview

[0039] FIG. 3 is a flow diagram illustrating the general operation of embodiments of the
physically-modulated friction stylus system 100 and method shown in FIG. 1. As shown
in FIG. 3, the operation of embodiments of the physically-modulated friction stylus
method begins providing an input device having the surface 120 that is in communication
with the computing device 110 (box 300). The stylus 130 is used by the user to contact
the surface 120 in order to input the information into the computing device 110 (box 310).
[0040] The method includes physically modulating the friction between the stylus tip
140 and the surface 120 (box 320). The amount of friction is physically modulated and
varied using a physical modulation mechanism that is discussed in detail below.
Moreover, the friction can be varied “on the fly,” which means that friction changes can be
made during the execution of the activity. In other words, the friction between the stylus
tip 140 and the surface 120 can be made while the stylus tip 140 is moving on the surface
120 and in contact with the surface 120. Embodiments of the physically-modulated
friction stylus system 100 and method include varying the friction while the stylus tip 140
is moving and in contact with the surface 120 (box 330). Note that in other embodiments
of the system 100 and method a body or barrel of the stylus 130 can include vibrotactile or
other tactile enhancements and the stylus 130 may or may not be in contact with the

surface 120.
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[0041] Embodiments of the physically-modulated friction stylus system 100 and method
emulate for the user a sensory experience of a desired writing instruction on a desired
writing surface (box 340). In other words, the physical modulation of the friction helps to
emulate a particular user experience for the user. For example, if a user wants to emulate
a pen on paper “feel” embodiments of the physically-modulated friction stylus system 100
and method can physically modulate the friction between the stylus tip 140 and the surface
120 to create that effect. In other embodiments, one example of how embodiments of the
system 100 and method can provide some kind of tactile feedback while the stylus 130 is
not in contact with the surface 120 is that of an airbrush. While the paint is flowing it
produces a certain vibration and sound, which might even vary depending on the type or
mix of paints being applied, yet the stylus 130 is not in contact with the surface 120.

IV.  Operational Details

[0042] The operational details of embodiments of the physically-modulated friction
stylus system 100 and method will now be discussed. This includes the operation of
various embodiments of the physical modulation mechanism that modulates the friction
between the stylus tip 140 and the surface 120. Moreover, the physical modulation
mechanism allows the mechanical friction of the stylus 130 to be changed in a
programmatic fashion. Thus, at one moment the stylus 130 can glide like a ball point pen
across the surface 120 and at another moment it might feel scratchy like a pencil. This
physical modulation of friction allows artists and other users to use well-developed and
familiar physical techniques to achieve the effects they desire.

[0043] Embodiments of the physically-modulated friction stylus system 100 and method
uses several different methods to physically modulate the friction between the stylus tip
140 and the surface 120. These include vibration, clutching of a roller, and mechanical
modification of the stylus tip 140. One, two, or any combination of these mechanisms
may be used physically modulate the friction. Each of these embodiments will now be
discussed in detail.

IV.A. First Embodiment of the Physical Modulation Mechanism

[0044] A first embodiment of the physically-modulated friction stylus system 100 and
method uses vibration as the physical modulation mechanism. In this embodiment the
mechanical vibrations are used to break static friction. This allows the stylus tip 140 to
“hop” over texture on the surface 120.

[0045] FIG. 4 is a flow diagram illustrating the operational details of the first

embodiment of the physical modulation mechanism shown in FIG. 3. The operation
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begins by physically vibrating the stylus tip 140 (box 400). In some embodiments, this is
achieved by vibrating the stylus tip 140 using an actuator (box 410).

[0046] In some embodiments the actuator is a piezoelectric actuator that is used to
vibrate the stylus tip 140 (box 420). This is achieved by placing a small piezo-transducer
or other appropriate mechanism in the stylus tip 140 and vibrating the tip 140. Typically
the material selected for the actuator is a material that has a large difference between static
and kinetic friction. In other words, this material that has a high coefficient of static
friction and a low coefficient of dynamic friction. This allows the vibration effect to be
more pronounced. In other embodiments the actuator can be electrostatic,
electromagnetic, or can be an ultrasonic transducer.

[0047] In still other embodiments the physical vibration of the stylus tip 140 is achieved
by moving the stylus tip 140 over etchings in the surface 120 (box 430). In other words,
the surface 120 has been microscopically etched such that the action of moving the stylus
tip 140 over the surface 120 causes the stylus tip 140 to vibrate and modulate friction in a
desired manner. In some embodiments this surface etching may be grooves while in other
embodiments the surface etching may be pits or holes.

IV.B. Second Embodiment of the Physical Modulation Mechanism

[0048] A second embodiment of the physically-modulated friction stylus system 100
and method uses the clutching of a roller in the stylus tip 140 as the physical modulation
mechanism. “Clutching” the ball involves any type of manipulation that changes the
friction between the ball and the surface 120.

[0049] FIG. 5 is a flow diagram illustrating the operational details of the second
embodiment of the physical modulation mechanism shown in FIG. 3. The operation
begins by using a clutching mechanism to clutch a ball at the stylus tip 140 and
modulating the friction between the ball and the surface 120 (box 500). This is done while
the ball is in contact with the surface 120.

[0050]  This clutching mechanism is similar to a ball in a ballpoint pen. The ball makes
up the stylus tip 140 and is allowed to roll along the surface 120. The rolling friction of
the ball inside the stylus tip 140 can be modulated by a clutch mechanism. There are many
different ways to control the friction to the ball.

[0051] In some embodiments the clutching mechanisms is internal to the stylus 130 (box
510). Some embodiments of the internal clutching mechanism clutch the ball by making

physical contact between the ball and the clutching mechanism (box 520). In other words
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the ball is clamped periodically to change and regulate the friction on the ball. Some of
these embodiments using a piezo clutch or a fluidic clutch to periodically clamp the ball.
[0052]  Other embodiments clutch the ball without making any type of physical contact
between the ball and the clutching mechanism (box 530). This type of internal clutching
mechanism can use such clutching forces as magnetic force. Moreover, in other
embodiments the ball can be clutched using a clutching mechanism that is external to the
stylus (box 540). By way of example, the ball in the stylus could be magnetic and a
magnetic force emanating from the computing device 110 or the surface 120 could be used
as the clutching mechanism.

IV.C. Third Embodiment of the Physical Modulation Mechanism

[0053] A third embodiment of the physically-modulated friction stylus system 100 and
method uses the mechanical modification of the stylus tip 140 as the physical modulation
mechanism. This tip modification can include a first material that glides easily across the
surface 120 and has one or more holes. A second material having a higher friction that the
first material can be pushed out through the hole to mechanically change the friction of the
stylus tip 140.

[0054] FIG. 6 is a flow diagram illustrating the operational details of the third
embodiment of the physical modulation mechanism shown in FIG. 3. Various materials
are used at the stylus tip 140 to physically modulate the friction between the stylus tip 140
and the surface 120 (box 600). In some embodiments, a first material is moved out
through the stylus tip 140 relative to the second material so that the first material contact
the surface 120 and the second material withdraws from the surface 120 (box 610). The
first material and the second material have different coefficients of friction. The first
material is moved out through holes in the second material in order to physically modulate
the friction (box 620).

[0055] For example, imagine a sheet of ceramic having a series of hole in it. Running
your fingers along the ceramic provides a certain feel and a fairly low amount of resistance
or friction. However, if grass is pushed up through the holes and then your fingers are run
over the ceramic in the same spot then this provides very different feel from the ceramic
itself. Some material (the grass) is being moved out relative to some other different
material (the ceramic) in order to change amount of friction and the feel of the surface.
[0056] In other embodiments the first material is a shell or casing the encircles the
second material. The second material is able to move relative to the first material. If the

second material is retracted then the amount of friction produced is the friction of the first
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material over the surface 120. However, if the second material is brought out and into
contact with the surface 120 then the friction changes. The more the second material is
brought out the more the friction changes. Eventually the second material will only be in
contact with the surface 120 and the first material with have no effect on the friction
between the stylus tip 140 and the surface 120. Typically this movement between the first
material and the second material is in microns.

[0057] In still other embodiments a variety of different types of materials having various
coefficients of friction could be contained within the stylus tip 140. Depending on the
type of effect desired, any one or any combination of materials could be in contact with
the surface 120 to modulate the friction between the stylus tip 140 and the surface 120. In
some respects this is like a multi-color pencils or pens having various colors of tips.

IV.D. Modulating Friction Based on Position of Stylus

Visual feedback tends to dominate tactile feedback. Embodiments of the physically-
modulated friction stylus system 100 and method can modulate the friction between the
stylus tie 140 and the surface 120 based on the location of the stylus on the surface 120.
This friction modulation can be based on several things.

[0058] FIG. 7 is a flow diagram illustrating the operational details of modulating friction
based on a position of the stylus shown in FIG. 1. Embodiments of the system 100
physically modulate the friction between the stylus tip 140 and the surface 120 based on a
posture of the stylus 130 relative to the surface 120 (box 700). In some embodiments the
system 100 senses tilt angle of the stylus130 relative to the surface 120. Note that the term
“tilt” includes the 3D orientation of the stylus 130. In other words, the azimuth, elevation,
and roll angles of the stylus 130 relative to the writing surface 120. In response to these
angles friction may be modulated so as to simulate the effect of various-shaped stylus tips
or nibs, such as a chisel tip, a fan brush, a conte crayon, a ball point, and the like. Based
on the tilt angle the friction is modulated such that the feel of the stylus 130 is different
when the tilt angle is straight up and down (relative to the surface 120) as compared to
when the tilt angle is at an angle from straight up and down. In some embodiments the tilt
angle is known as a relative angle.

[0059] Moreover, some embodiments of the system 100 physically modulate the friction
based on a location of the stylus 130 on the surface 120 (box 710). This location on the
surface 120 typically is correlated to an application or program running on the computing
device 110. The location of the stylus 130 on the surface dictates the friction between the

stylus 130 and the surface 120. In some embodiments frictional or vibrotactile feedback
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that produce the effects of a certain tooth of paper, of various-shaped nibs, and so forth
may be modulated with additive (or subtractive) frictions suggested by the presence of on-
screen controls, alignment lines, tool palettes, and the like.

[0060] These embodiments involve varying parameters dynamically in accordance with
the underlying graphics displayed on the surface 120 the application graphics. By way of
example, the stylus 130 may feel different if it is inside a scroll bar as when it is at another
location on the surface 120. This means that is the user moves a scroll bar up and down
there may be a low-friction feel on the stylus 130 while moving the stylus 130 to the left
and right provides a much higher friction. This makes the stylus 130 feels as ifitisina
groove when the user performs a scrolling operation.

[0061] Moreover, friction may be varied by the location of the stylus 130 so as to help
users find on-screen controls. Some embodiments include a program that teaches children
how to write. For example, the program and embodiments of the system 100 and method
may help a user make letters on the surface 120 by guiding the user towards appropriate
strokes. In other words the stylus 130 is biased toward correct writing strokes.

[0062] Other embodiments physically modulate the friction dependent on a direction or
velocity that the stylus 130 is moving across the surface 120 (box 720). This gives the
user the feeling that the surface 120 has a texture. This is because texture generally has a
direction associated with it. It should be noted that any one of these embodiments or any
combination of these embodiments can be used to dictate how the friction is physically
modulated.

IV.E. Audio and Visual Emulation Enhancements

[0063] Research shows that audio greatly impacts and can help improve a user’s
perception of an emulation experience. Audio can even effectively fool a user into
thinking that she feels things that are not actually happening. Thus, audio can be effective
by itself or in addition to the physical modulation of the friction.

[0064] Embodiments of the system 100 and method can enhance the realism of the
emulation experience by including appropriate audio feedback. FIG. 8 is a flow diagram
illustrating the operational details of providing audio and visual emulation enhancements
to the physically-modulated friction stylus system 100 shown in FIG. 1. The operation
begins by selecting a desired writing instrument for the stylus 130 to emulate (box 800).
For example, when emulating a pencil, the stylus 130 will emit sounds similar to an actual

pencil. In some embodiments these sounds will vary with speed and pressure of the stylus
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130 just like a real pencil interaction. On the other hand a brush might change behavior as
the supply of paint diminishes during a long stroke.

[0065] Next, embodiments of the system 100 and method provide audio of the stylus
130 moving on the surface 120 such that the audio appears to be coming from the stylus
tip 140 and emulates the sound of the desired writing instrument (box 810). The audio
Ilusion is more effective if the sound appears to be coming from a point of contact
between the stylus tip 140 and the surface 120.

[0066] In some embodiments there is an audio playback system internal to the stylus
120. The audio playback system can be driven based on factors such as speed, friction, or
mode. In other embodiments the audio playback system is external to the stylus 130 but
the sound is simulated or “thrown” such that it appears that the sound is coming from the
point of contact. In some embodiments panning of an external audio playback system is
used for this audio simulation. In some embodiments prerecorded sounds are used, while
in other embodiments the sounds may be based on a current physical model.

[0067] Referring again to FIG. 8, some embodiments of the system 100 and method
vary the audio based on a direction or velocity that the stylus 130 is moving (box 820). In
other words the sound may be changed based on the posture of the stylus 130. This means
that writing in one direction sounds different from writing in another direction.

[0068] Some embodiments of the system 100 and method also select a desired writing
surface in which to emulate (box 830). In some embodiments this selection is made by the
user. Once the desired writing surface is selected, embodiments of the system 100 and
method create visual effects on the surface 120 that correspond to writing on the desired
writing surface (box 840). This gives the illusion that the stylus is writing on the desired
writing surface when the user writes on the surface 120 with the stylus 140. By was of
example, the visual effect of a pen writing on paper will be different from a pen writing on
cloth. Embodiments of the system 100 and method add to the visual illusion that helps to
enrich the user’s input and emulation experience.

[0069] Morcover, although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims.
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CLAIMS
1. A method for communicating with a computing device, comprising:
using a stylus to contact a surface of an input device to input information into the
computing device;
physically modulating friction between a tip of the stylus and the surface using a
physical modulation mechanism to emulate a particular input experience; and

varying the friction while the stylus is moving on the surface.

2. The method of claim 1, further comprising physically modulating the friction

dependent on a posture of the stylus in relation to the surface.

3. The method of claim 1, further comprising vibrating the tip of the stylus using a
piezoelectric actuator to physically modulate the friction between the tip of the stylus and

the surface.

4. The method of claim 1, further comprising vibrating the tip of the stylus by moving
the tip over the surface that has been etched to physically modulate the friction between

the tip of the stylus and the surface.

5. The method of claim 1, further comprising clutching a ball at the tip of the stylus
using a clutching mechanism internal to the stylus to physically modulate the friction

between the tip of the stylus and the surface.
6. The method of claim 1, further comprising clutching a ball at the tip of the stylus
using a clutching mechanism external to the stylus to physically modulate the friction

between the tip of the stylus and the surface.

7. The method of claim 1, further comprising varying a material of the tip of the
stylus to physically modulate the friction between the tip of the stylus and the surface.

8. The method of claim 1, further comprising physically modulating the friction

dependent on a location of the stylus on the surface.
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9. The method of claim 1, further comprising physically modulating the friction

dependent on a direction that the stylus is moving on the surface.

10. The method of claim 1, further comprising:
providing an audio of the stylus moving on the surface such that the audio appears to be
coming from tip of the stylus; and

changing the audio based on the direction, velocity, and acceleration of the stylus

as it is moving on the surface.
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