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(57) Abstract: In one example, an electronic input device is described. The electronic input device includes a cylindrical shaft including
a tip. A sensor housing of the electronic input device is disposed within an external housing. The sensor housing is parallel with, and
surrounds, the cylindrical shaft. The electronic input device also includes a radial sensor(s) disposed on an inside diameter of the sensor
housing. The sensor(s) are to sense, directly from the tip, radial force inputs against the tip.
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ELECTRONIC INPUT DEVICES WITH RADIAL FORCE SENSOR ARRAY

BACKGROUND

[0001]  Input devices are coupled to electronic devices such as computers,
tablets, and other electronic devices. These input devices allow a user {6 input
information {o the electronic devices. One example of an input device is an
electronic pen. The writing end of the electronic pen includes a tip that can be
pressed on a surface, such as a touch-screen display. The contact force
between the tip and the surface can be used {0 operate within an application,
such as clicking on butionsf/icons within the application. In some exampies, the
tip is moved across the surface, and a visual representation of the motion is
displayed on the touch-screen display. In this fashion, the electronic pen can be
used to wrile text, draw images, or interface with an application on the electronic

device.

BRIEF DESCRIPTION OF THE DRAWINGS

[6802] The accompanying drawings illustrale various examples of the
principles described herein and are part of the specification. The illustrated
examples are given merely for Hlustration, and do not limit the scope of the
claims.

[6003] Figs. 1A and 1B are views of an electronic input system with an
electronic input device that includes a radial force sensor array, according to an

example of the principles described hersin.
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[6004]  Fig. 2A is an isometric view of an slectronic input device that includes
a radial force sensor array and a force diagram, according to an example of the
principles described herein.

[0BGSY] Fig 2B. is an end view of the elecironic input device that interacts with
a surface and resulting forces against the electronic input device, according to
an example of the principies described herein.

[6008] Fig. 3 is a zoomed-in isometric view of an electronic input device that
includes a radial force sensor array, according to an example of the principles
described herein.

[0007]  Fig. 4 is an isometric view of a sensor housing with a single row radial
array of multiple force sensors, according to an exampie of the principles
described herein.

[G008B]  Fig. 5 is an isomeilric view of a sensor housing with a double row
radial array of multiple force sensors, according to an exampile of the principles
described.

[6008]  Throughout the drawings, identical reference numbers designate
sirnilar, but not necessarily identical, elements. The figures are not necessarily
to scale, and the size of some parts may be exaggerated to more clearly
illustrate the example shown. Moreover, the drawings provide examples and/or
implemeniations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[6018]  Input devices are coupled 10 electronic devices such as computers,
tablets, and other electronic devices. These input devices allow a user {o input
information to the electronic devices. One exampie of an input device is an
electronic pen. The writing end of the electronic pen includes a tip that can be
pressed on a surface, such as a touch-screen display. The input device, or
glectronic pen can be used with other surfaces as well, such as paper designed

io be used with elecironic pens. While specific reference is made 1o a few types
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of surfaces, any number of surfaces could be implemented in accordance with
the principies described herein.

[60141] The contact force belween the tip and the surface can be used to
operate within an application, such as clicking on buttons/icons within the
application. In some examples, the lip is moved across the surface, and a
visual representation of the motion is displayed on the touch-screen display, or
other surface. In this fashion, the elecironic pen can be used to write text, draw
images, or interface with an application on the electronic device.

[6012]  While such electronic pens allow a user io provide input fo an
electronic device, some characteristics limit their more thorough
implementation. For example, when writing with a pencil or pen on a surface,
varying the force exerted by the pencil or pen on the surface provides different
ouiputs. For example, as a user increases the force with which they push down
on the writing surface, the width, or darkness of the resulting line increases.
With an electronic pen, this relationship between force and resulting oulput is
difficult {o replicate.

[0013] Accordingly, the present specification describes an elecironic input
device such as an electronic pen, with improved force sensitivity so as to
increase the quality of the user's experience while using the electronic pen.
That is, the elecironic input device of the present specification is more
responsive o variations in input force and input force direction, thus providing a
more enriching user experience. The electronic input device includes a radial
sensing unit. The radial sensing unit may refer {o a radial force sensor array or
a single ring-shaped sensor.

[0014] Specifically, the present specification describes an electronic input
device. The slectronic input device includes a cylindrical shaft that includes
atip. A sensor housing of the electronic input device is disposed within an
external housing and is parallel with, and surrounds, the cylindrical shaft. A
radial force sensor array is disposed on an inside diameter of the sensor
housing. The sensors of the radial force sensor array directly sense, from

the cylindrical shaft, radial forces against the tip.
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(68158  In another example, the slectronic input device includes the
cylindrical shaft including a tip, which tip is to interface with a surface. The
glectronic input device includes a sensor housing disposed within an
external housing. The sensor housing is paraliel with, and surrounds, the
cylindrical shaft. The sensor housing is adjacent the tip of the ¢ylindrical
shaft. The electronic input device also includes a radial array of multiple
sensors disposed on an inside diameter of the sensor housing. The sensors
are {0 sense, directly from a portion of the cylindrical shaft adjacent the tip,
radial force inputs against the tip. In this example, the elecironic input
device includes an axial sensor adiacent an end of the cylindrical shaft
opposite the tip. The axial sensor senses axial force inputs against the
cylindrical shaft.

[6018] The present specification also describes an electronic input
system. The electronic input system includes an external housing. The
external housing includes an opening through which a tip of a cylindrical
shaft protrudes. The system also includes an electronic input device
disposed within the external housing. The electronic input device includes
the cylindrical shaft including the tip, the sensor housing disposed within the
external housing, and a radial sensing unit disposed on an inside diameter of
the sensor housing at the opening of the external housing. The radial
sensing unit senses, directly from a portion of the cylindrical shaft adjacent
the tip, radial force inpuis against the tip. The axial sensor of the slectronic
input device is disposed on an end of the housing opposite the tip of the
cylindrical shaft 1o sense axial force inputs against the cylindrical shaft.
[6817] In one exampie, using such an electronic input device 1) exhibils
enhanced force sensing sensitivity; 2} is more responsive to differentiations in
user input force and direclion; and 3) provides a user experience that more
closely resembles a pen and paper experience. However, if is contemplated
that the devices disclosed herein may address other matiers and deficiencies in
a number of technical areas.

[6018] As used in the present specification and claims, the term “direct” as in

sense directly, indicataes that no intermediary devices operate between the
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corresponding components. For example, a sensor that directly senses radial
forces from a portion of the cylindrical shaft, interacis directly with the cylindrical
shaft, without any intermediary component between the cylindrical shaft and the
SENsor.

[0019] Further, as used in the present specification and in the appended
claims, the term “electronic pen” refers to an elecironic input device that imitates
a pen.

[0020] Sl further, as used in the present specification and in the appended
claims, the term “axial” refers to a force or direction that is collinsar with the
longitudinal axis of the electronic input device.

[6621] Even further, as used in the present specification and in the
appended claims, the term “a number of” or similar language is meant o be
understood broadly as any positive number including 1 to infinity.

[6022] Turning now to the figures, Figs. 1A and 1B are views of an electronic
input system (100) with an electronic input device that includes a radial force
sensor array, according to an example of the principles described herein.
Specifically, Fig. 1A is an isometric view of the electronic input system (100)
with the electronic input device that includes a radial force sensor array and Fig.
1B is a cross-sectional view of the electronic input system {100) with an
electronic input device that includes a radial force sensor array.

[6023] The electronic input system (100} includes an exiernal housing (102).
The external housing (102) holds the other components of the electronic input
system (100). For example, as depicted in Fig. 1B, the electronic input device,
which includes a cylindrical shaft (108) and sensor housing (108) and in some
examples an axial sensor (110), is disposed in the external housing (102). The
external housing (102) may house other components such as processors and
other circuitry and hardware.

[6024] The extiernal housing {(102) also provides a surface which a user can
grasp to manipuiate the electronic input device. In some examples, the extemnal
housing (102) has a rubber sleeve, or other ergonomic feature, disposed along
at least a portion of its length o provide a grip. The grip provides a greater

friction force such that a user can grasp the extermnal housing (102} and more
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easily manipulate the electronic input device o interact with the surface. The
external housing (102) may be formed of any material such as plastic or metal.
[0025] The external housing (102) has an opening through which a tip (104)
of a cylindrical shaft (108) protrudes. The tip (104) of the cylindrical shaft (106)
being the part of the cylindrical shaft (106) that interfaces with the surface. That
is, & user grasps the external housing (102) and brings the tip (104) into contact
with a surface. As the tip (104) moves across the surface, a visual
representation is made on a display (2.9., the surface)} that corresponds to the
movement of the tip (104). In some examples, contact of the lip (104) with the
surface causes a function to execute on an electronic device to which the
surface is coupled. For example, a user may tap on a certain portion of the
surface with the tip {104) to position a cursor on that portion of the surface. In
ancther example, a user may tap on an icon on the surface, and an operation
may be executed on the electronic device. In some examples, the cylindrical
shaft (108) may be formed of metal and the tip (104) may be a rounded plastic
nib so as to not damage the surface with which it interacts. In other examples,
the tip (104) may be formed of another material, such as rubber,

[0626] In some examples, the cylindrical shaft (106} is removable from the
external housing (102). For example, over lime and with use, the tip (104) may
wear down. In ancther example, the tip (104) may break off. In these and other
examples, the removable cyiindrical shaft (106) with a worn down, or otherwise
damaged tip {104}, can be removed and replaced with another cylindrical shaft
(108).

[6027] The surface with which the tip (104) interfaces may be of a variely of
types. For example, the surface may be a display screen on an elecironic
device, which display screen is responsive to touch inputs, such as from a finger
or other device such as an elecironic pen. In another example, the surface may
he a paper surface that is specially-prepared to receive elecironic inputs. For
example, this spedialiy-prepared paper may include features that are
imperceptible to the human eye. As the tip (104) passes over these features, it

identifies the position of the tip (104) on the specially-prepared paper surface.
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[6028] The electronic input system {(100) also includes an electronic input
device which is disposed within the exiernal housing (102). The electronic input
device includes various componenis to facilitate interaction with a surface such
as a touch-screen dispiay or the above-described specially-prepared paper.
The cylindrical shaft (106) with its tip (104) are examples of these components
that make up the electronic input device.

[6029] The electronic input device also includes a sensor housing (108).

The sensor housing (108) is parallel with the cylindrical shaft (1086) and
surrounds a portion of the cylindrical shaft (108). As depicted in Fig. 1B, the
sensor housing (108) is disposed within the external housing (102). More
particularly, the sensor housing (108} is immediately adjacent the opening of the
external housing (102) and is adjacent the tip (104) of the cylindrical shaft (106).
In some examples, the sensor housing (108} is integrally formed with the
external housing (102). In this example, while the cylindrical shaft (106) is
removable, the sensor housing (108) may be more permanently integrated with
the exiernal housing (102).

[0038] The sensor housing (108) has formed therein a radial force sensor
array. More specifically, the array of sensors may be disposed on an inside
diameter of the sensor housing (108), surrounding the cylindrical shaft (106).
As can be seen in Fig. 18, the sensor housing (108), and thereby the sensors,
are disposed at an opening of the external housing (102) adjacent the tip (104).
By placing the sensors close to the tip (104) where surface interaction ocours, a
heightened sensitivity, or increased resolution, of the force input on the tip (104)
is possible.

[0831]  The sensors within the sensor housing (108) sense radial force, and
movement, of the cylindrical shaft (108). That is, as a tip (104} interfaces with
the surface, the tip {104) deflects. The largest amount of deflection occurs at
the tip (104). Accordingly, these sensors, by being placed close to the tip (104)
can utilize even small deflections to provide a more sensitive detection of radial
force applied to the tip (104). Based on which sensors of the array detect force,

and an amplitude of the detected force, the visual representation on the display
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may change. For example, greater sensed force may comrelate 1o g thicker
visual representation generated on the connecied device.

[0032] The placement of the sensors around a circumference of the
cylindrical shaft (106) near the tip (104), also increases input force sensitivity.
That is, with a single axial sensor, it may be difficult {o determine if enocugh force
is being applied 1o the electronic input device by the user to activate the
electronic input device. Moreover, this single sensor may not be able to
properly determine application force as it just determines force in a direction
along the longitudinal axis of the pen. This axial force component may be
smaller than radial components when the pen is used in an orientation non-
orthogonal to the surface. Accordingly, by including a radial array of sensors
that are near fo the tip (104), greater force sensitivity is achieved, which
increased force sensitivity increases the responsiveness of the electronic input
system (100).

[G033]  The electronic input device may also include an axial sensor (110). In
some examples, the axial sensor (110) is disposed af an end of the cylindrical
shaft (108) that is opposite the tip (104). The axial sensor (110} may provide
additional data regarding application force. That is, in addition to the radial
force sensing by the radial force sensor array, the axial sensor (110) senses
axial force inpuis against the cylindrical shaft (108). In other words, the
electronic input system (100} of the present specification, by including axial
sensors (110) and a radial force sensor array, provides additional force data,
which expands the possible inputs received by a corresponding electronic
device. in some exampies, the axial sensor {(110) verifies the data received
from the sensors within the radial array of sensors.

[0034] Fig. 2A is an isomedtric view of a subassembly of an electronic input
device (212} that includes a radial force sensor array, according to an exampie
of the principies described herein. Fig. 2B is an end view of the elecironic input
device (212} interfacing with a surface and the resulting forces against the
glectronic input device (212).

[60358] As described above, the elecironic input device (212) includes a

cylindrical shaft (108) with a tip (104) that interfaces with a surface. A sensor
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housing (108) surrounds a portion of the cylindrical shaft (106) and houses a
radial force sensor array. Fig. 2A also clearly depicts the iocation of the sensor
housing (108), and corresponding sensors, near the tip (104) of the cylindrical
shaft (108).

[0038] Fig. 2B illustrates the improved sensitivity of the electronic input
device (212) of the present specification. For example, a user, when using an
electronic pen, may not apply force in a purely orthogonal direction relative to
the surface. Thatis, due to the force of the surface during use, Fpaper, 8gainst
the electronic input device (212), there may be an axial component of the
resulting force, Paxia, and a non-axial component of the resulting force, Praaia,
the combination of which represents the total force of the surface against the tip
(104} of the cylindrical shaft (106). As described above, a single axial sensor
{(Fig. 1, 110) may detect the axial component, Paxiar, but may not detect, or may
not detect with accuracy, the non-axial component of the force, Pragiar, However,
the electronic input device (212) of the present specification, implementing a
radial force sensor array could detect such a non-axial component, Pragiar. For
example, due {o the force of the surface against the tip (104), different sensors
(214-1, 214-2, 214-3) sense different amplitudes of components (216-1, 216-2,
216-3) of the non-axial force component Praga. Combining the output of these
sensors (214) results in the non-axial force component, Pragiar, which can be
combined with the axial component, Pawar, 10 produce an accurate
representation of the force resulling from interaction with the surface. That s,
an output of the array of sensors (214) indicates a direction of the radial force
input against the tip (104).

[0B37]  Fig. 3 is a zoomed-in isometric view of an electronic input device (Fig.
2, 212) that includes a radial array of sensors (Fig 2, 214), according to an
example of the principles described herein. Specifically, Fig. 3 depicts a
zoomed in view of the sensor housing (108) and the tip (104). As indicated in
Fig. 3, the sensor housing (108) is immediately adjacent to the cylindrical shaft
(106}, In such an orientation, the sensors (Fig. 2, 214) directly sense the force
applied to the cylindrical shaft (106). That is, there are no intermediate

componentis between the cylindrical shaft (106} and the sensors (Fig. 2, 214).
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The sensors (214) may be force sensors that generate an output in response (o
contact forces. Accordingly, by directly sensing force on the cylindrical shaft
(106}, the contact force sensors (Fig. 2, 214) make contact with the cylindrical
shaft (108). More specifically, the contact force sensors (Fig. 2, 214) directly
sense force on the portion of the cylindrical shaft (108) immediately adjacent the
tip (104) where the cylindrical shaft {1086} exiis the external housing (Fig. 1,
102). This contact occurs responsive to a radial force input against the
cylindrical shaft (108}, for example due to the force exerted against the tip (104)
by the surface with which it is interacting. Direct sensing in this fashion
increases the efficiency of force sensing as intermediate components introduce
error to any force sensing system.

[0038] Fig. 3 alse depicts the placement of the sensor housing (108) near
the tip (104). For example, as depicted in Figs. 1A and 1B, the sensor housing
(108} and sensors are disposed at an opening through which the tip (104) of the
cylindrical shaft (108) protrudes. Placing the sensor housing (108) close to the
fip {104), at the opening of the extemal housing (Fig. 1, 102}, increases
sensitivity. That is, the most deflection of the cylindrical shaft (108) occurs at
the fip (104). Accordingly, placing the sensor housing (108) and sensors {Fig.
28, 214} at this point ensures a maximum amount of force is detected.

[6039] Fig. 4 is an isomeilric view of a sensor housing (108) with a single row
radial array of multiple sensors (214), according to an example of the principles
described herein. For simplicity, in Fig. 4, a single sensor (214) of the mulliple
sensors (214) is depicted with a reference number. As depicted in Fig. 4, the
sensors (214) may be in a single row. in another example, the array may
include a single sensor (214) that is ring-shaped. In the example depicted in Fig.
4, the sensors (214) may be sguare sensors (214) with small dimensions. For
axample the sensors (214) may have a length less than 1.0 millimeters, or more
specifically less than 0.5 millimeters. Sensors this small may allow for
placement of the array of sensors (214) close to the tip {(Fig. 1, 104) of the
cylindrical shaft (Fig. 1, 106), L.e., the opening. By comparison, sensors with
larger dimensions cannot be placed so near the tip (Fig. 1, 104). As depicted in

Fig. 4, the sensors may be adjacent to one another. In other examples, the
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sensors {(214) are spaced apart from one ancther, with a gap between adjacent
sensors (214).

[0048] Fig. 5is an isometric view of a sensor housing (108) with a double
row radial array of multiple sensors (214), according to an example of the
principles described. For simplicity, in Fig. 5, a single sensor (214) of the
multiple sensors (214) is depicted with a reference number. As depicted in Fig.
5, the sensors (214) may be in mulliple rows. Doing so may accommodate
sensors (214) of a larger size. As depicted in Fig. 5, the sensors may be
staggered from one another, in other examples, the sensors (214) may be
adiacent to ong another.

[6841]  In either of the examples depicted in Fig. 4 and Fig. 5, the sensors
(214} each detect a component of a force resulting from interaction with a
surface. Thatis, a sensor (214) detects an intensity of the force as seen by that
particuiar sensor (214). Quiputs may be combined to detect a directionality of
the resulting force.

[6042] In some examples, the sensors (214) also trigger initiation of a visual
representation of movement. Thatis, as described above, movement of the tip
(Fig. 1, 104) across a surface generates a visual representation of the
movement. However, in some examples, the pen, or rather the relationship
between the pen and the surface is initialized before generating such a visual
representiation of the movement. This initialization can be triggered by contact
detecied by the sensors (214). As the sensor array of the present specification
has increased force sensitivity, the array also has increassd sensitivity to
initiation of a movement of the pen and associated generation of a visual
representation of the movement.

[0043] In one example, using such an electronic input device 1) exhibits
enhanced force sensing sensitivity; 2) is more responsive to differentiations in
user inpuf force and direclion; and 3) provides a user experience that more
closely resembles a pen and paper experience. However, it is contemplated
that the devices disclosed herein may address other matiers and deficiencies in

a number of technical areas.
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[6844] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT IS CLAIMED 1S:

1. An glectronic input device comprising:

a cylindrical shaft including a tip;

a sensor housing disposed within an external housing, the sensor
housing being parallel with, and surrounding, the cylindrical shaft, and

a radial array of sensors disposed on an inside diameter of the sensor
housing, wherein the sensors are to sense direcily from the tip, radial force

inpuits against the tip.

2. The input device of claim 1, wherein an output of the array of sensors
indicates a direction of the radial force input.

3. The input device of claim 1, wherein the cylindrical shaft is a

removable insert.

4. The input device of claim 1, further comprising an axial sensor
adjacent an end of the cylindrical shaft opposite the tip, the axial sensor {0

sense axial force inputs against the cylindrical shatft.

5. The input device of claim 1, wherein the radial array of sensors
comprises a single ring of sensors on the inside diameter of the sensor

housing.
8. The input device of claim 1, wherein the radial array of sensors

comprises muitiple rings of sensors on the inside diameter of the sensor

housing.

13
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7. The input device of claim 1, wherein the sensors comprise force
sensors to make contact with the cylindrical shaft responsive 10 a radial force

input against the cylindrical shaft.

8. An glectronic input device comprising:

a cylindrical shaft including a tip, the tip to interface with a surface;

a sensor housing disposed within an external housing, the sensor
housing being parallel with, and surrounding, the cylindrical shaft, whersin
the sensor housing is adjacent the tip of the cylindrical shaft;

a radial array of multiple sensors disposed on an inside diameter of
the sensor housing, wherein the sensors are 1o sense direcily from the tip,
radial force inputs against the tip; and

an axial sensor adjacent an end of the cylindrical shaft opposite the

tip, the axial sensor {0 sense axial force inputs against the cylindrical shaft.

9. The input device of claim 8, wherein the surface is an electronic
surface.

10, The inputl device of claim 8, wherein surface is a paper surfacs.

11, The input device of claim 8, wherein outputs of multiple sensors are
combined o determine a radial component of the force against the elecironic

input device.

12, An slectronic input system, comprising:
an external housing, the external housing including an opening
through which a tip of a cylindrical shaft protrudes; and
an electronic input device disposed within the external housing, the
electronic input device comprising:
the cylindrical shaft including the tip, the tip to interface with an

electronic surface;

14
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a sensor housing disposed within the extermnal housing, the
sensor housing being parallel with, and surrounding, the cylindrical
shaft, and

a radial sensing unit disposed on an inside diameter of the
sensor housing at the opening of the external housing, whersin the
radial sensing unit is {0 sense, directly from the tip, radial force inputs
against the tip; and

an axial sensor disposed on an end of the housing opposite
the tip of the cylindrical shaft to sense axial force inpuis against the

cylindrical shaft,

13.  The electronic input system of claim 12, wherein the radial sensing

unit comprises a radial array of multiple sensors.

14.  The electronic input system of claim 12, wherein the radial sensing

unit comprises a single ring-shaped sensor.

16, The electronic input system of claim 12, wherein the sensor housing

is integral with the extemal housing.

18
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