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Title: POSITIONAL INPUT ON DISPLAYS
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Determining, using a handheld device comprising a detector, to
which display of a plurality of displays the detector is proximate

\.

v

Detecting, using the detector, at least a part of an optical
pattern disposed on the display to which the detector is
proximate, the part of the optical pattern corresponding to a
location on the display

FIG.

O display.
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(57) Abstract: Positional input systems and methods are provided. Using a handheld device comprising a detector, to which display
of a plurality of displays a detector is proximate may be determined. Using the detector, at least a part of an optical pattern disposed
on the display to which the detector is proximate may be detected. The part of the optical pattern may correspond to a location on the
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POSITIONAL INPUT ON DISPLAYS

BACKGROUND

[0001] Devices such as touch screens provide an elegant, simple, and industrially
“clean” design for providing capabilities of both input, e.g. touch, and output, e.g.
display. A touchscreen can be formed by placing a transparent overlay proximate the
display surface. Such overlays typically detect the presence and location of input,

e.g. a touch, based upon a change in electrical properties of the overlay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Some examples are described with respect to the following figures:

[0003] FIG. 1, 3, and 5-9 are flow diagrams illustrating positional input methods
according to some examples; and

[0004] FIGS. 2 and 4 are block diagrams illustrating positional input systems

according to some examples.

DETAILED DESCRIPTION

[0005] The following terminology is understood to mean the following when recited

” oW

by the specification or the claims. The singular forms “a,” “an,” and “the” mean “one
or more.” The terms “including” and “having” are intended to have the same inclusive
meaning as the term “comprising.”

[0006] A detector, which may be part of a handheld device such as a digital stylus
or digital pen, may be provided. A predetermined series of positionally-encoded
elements usually in the form of dots, squares, or similar marks may be provided on a
display device. One such series of elements is the unique, predetermined
positionally-encoded pattern provided by Anoto Group AB (Lund, Sweden). Using
the predetermined pattern, a detector can determine its location with respect to the
pattern when placed proximate the pattern. The location resolution capability of the
detector may, for example, be increased (1) by increasing the positional accuracy of
the elements relative to each other, and/or (2) by increasing the number of dots used
simultaneously to ascertain a location address, such that error is decreased in

locating the dots. The detector may be a two-dimensional array detector such as a



WO 2015/183299 PCT/US2014/040154

Docket: 83735124 ~2~

CMOS or charge-coupled device (CCD) imager. The detector may be suitably
designed to be capable of high-resolution detection, such that it supports the location
resolution capability of the pattern, as described above. A visibly transparent,
predetermined, element pattern may be disposed in, on, or about a visibly
transparent carrier. In one example, a source may generate polarized light. The
source may be internal to a computing device housing the display or may be external
to the computing device, for example part of the handheld device. The polarized light
generated may be passed through a predetermined pattern of visibly transparent
polarizing state altering elements disposed on the surface of a display device, and a
change in the polarization state of the polarized light between the positionally-
encoded elements and the display background may be detected by a detector. The
change may correspond to a location of the detector on the display device. In some
examples, the location may be determined with high resolution and accuracy. The
handheld device may include a transmitter to transmit data representing the location
of the detector to a computing device. In response, the computing device may cause
the display device to modify its output.

[0007] Although the optical pattern is described above as comprised of polarizing
elements, other types of optical patterns may also be used. For example, rather than
polarizing elements, the pattern may be a pattern of near-infrared (near-IR)
absorbing ink printed elements, such as dots or any other shape. In this example,
the source, which is external or internal to the computing device, may generate near-
IR light that is absorbed by the absorbing elements. The near-IR light need not be
polarized. The near-IR light may be passed through the pattern of absorbing
elements and reflected or passed to the detector. The detector may detect the
pattern based on a detected contrast between regions in which absorbing elements
absorbed the near-IR light, and regions in which there were no absorbing elements
and therefore the near-IR light was not absorbed.

[0008] In other examples, any other optical pattern may be provided that enables
detection using optical methods, using any suitable type of elements that make up
the optical pattern, with or without a light source.

[0009] The above system may provide high resolution and high accuracy of touch-

based input on displays, and visually transparent input systems. However, in some
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examples, there may be multiple displays and/or multiple handheld devices present
in the vicinity of the handheld device.

[0010] Accordingly, the present disclosure provides systems and methods to
provide, in a multi-display system, the capability of identifying to which display a
handheld device used for display interaction is proximate. The present disclosure
may also provide, in a multi-handheld device system, the capability of managing
inputs from the various handheld devices.

[0011] As used herein, the term “light” refers to electromagnetic radiation falling
within the visible spectrum, which extends from 400 nanometers (violet) to 700
nanometers (red). The term “light” may also include electromagnetic radiation falling
within the near-infrared spectrum, extending from 700 nanometers to 3000
nanometers.

[0012] FIG. 1 is a flow diagram illustrating a positional input method 10 according
to some examples. At 11, to which display of a plurality of displays a detector is
proximate may be determined. At 12, using the detector, at least a part of an optical
pattern disposed on the display to which the detector is proximate may be detected.
The part of the optical pattern may correspond to a location on the display.

[0013] FIG. 2 is a block diagram illustrating a positional input system 20 according
to some examples. The system 20 may include a plurality of displays 21. Each of the
displays 21 may have disposed thereon a respective predetermined optical pattern
22. The system 20 may include a processor 23 to determine to which a display of a
plurality of displays 21 a detector 24 is proximate. Although the processor 23 is
shown external to other elements in the system 20, the processor 23 may be located
in any of the devices in the system 200. The system 20 may include a handheld
device 25 having the detector 24 and a transmitter 26. The detector 24 may be to
detect a part of the predetermined pattern disposed on the display 21 to which the
detector 24 is proximate. The part of the predetermined pattern may correspond to a
location on a surface 27 of the display 21. The transmitter 26 may be to transmit
data representing the location of the handheld device to a computing device
communicatively coupled to the handheld device 25.

[0014] FIG. 3 is a flow diagram illustrating a positional input method 30 according

to some examples. The method may be performed in a system comprising a plurality
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of displays each having disposed thereon a respective optical pattern. At 31, for
each of a plurality of detectors, at least a part of an optical pattern disposed on a
display of the plurality of displays to which the detector is proximate may be detected
using the detector. The part of the optical pattern may correspond to a location on a
surface of the display.

[0015] FIG. 4 is a block diagram illustrating a positional input system 100 according
to some examples. The system 100 may include a computing devices 150a-b and
handheld devices 185a-b. Each of the handheld devices 185a-b has a detector 145
and a controller 190. Each handheld device 185a-b may be a stylus, cell phone,
smartphone, remote controller, pen, or any other suitable handheld device. The
handheld devices 185a-b may be different types of the devices relative to one
another. Although the following description will specifically describe operation of the
computing device 150a and handheld device 185a, the computing device 150b is
similar to the computing device 150a, and the handheld device 185b is similar to the
handheld device 185a.

[0016] The computing device 150a may be a tablet, laptop, smartphone, desktop,
television, or any other type of computing device. The computing device 150a may
include a processor 155 for executing instructions such as those described in the
methods herein. The processor 155 may, for example, be a microprocessor, a
microcontroller, a programmable gate array, an application specific integrated circuit
(ASIC), a computer processor, or the like. The processor 155 may, for example,
include multiple cores on a chip, multiple cores across multiple chips, multiple cores
across multiple devices, or combinations thereof. In some examples, the processor
155 may include at least one integrated circuit (IC), other control logic, other
electronic circuits, or combinations thereof.

[0017] The processor 155 may be in communication with a computer-readable
storage medium 160 via a communication bus. The computer-readable storage
medium 160 may include a single medium or multiple media. For example, the
computer readable storage medium 160 may include one or both of a memory of the
ASIC, and a separate memory in the computing device 150a. The computer
readable storage medium 160 may be any electronic, magnetic, optical, or other

physical storage device. For example, the computer-readable storage medium 160
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may be, for example, random access memory (RAM), static memory, read only
memory, an electrically erasable programmable read-only memory (EEPROM), a
hard drive, an optical drive, a storage drive, a CD, a DVD, and the like. The
computer-readable storage medium 160 may be non-transitory. The computer-
readable storage medium 160 may store, encode, or carry computer executable
instructions 165 that, when executed by the processor 155, may cause the
processor 155 to perform steps of any of the methods or operations disclosed herein
according to various examples.

[0018] The computing device 150a may include a display device including a display
115 which may have a surface 120. The display 115 may be communicatively
coupled to the processor 155 and computer-readable medium 160 via the
communication bus.

[0019] The controller 190 may include a processor and computer-readable medium
similar to processor 155 and computer-readable medium 160 so as to perform
certain steps of the methods disclosed herein.

[0020] The computing device 155 may include a polarized light source 105
providing light having a polarization state 110. The polarized light source 105 may be
within or proximate to the display 115. A carrier 125 having a predetermined pattern,
e.g. an optical pattern, of visibly transparent polarization altering elements 130 may
be disposed proximate the surface 120 to change or otherwise alter the polarization
state 110 of at least a portion of the incident light produced by the polarized light
source 105 to provide light having a changed polarization state 135. The polarization
state of light passing through the carrier 125 but NOT passing through a polarizing
element 130 may be changed to a polarization state 140 that differs in one or more
characteristics from (1) light having polarization state 110 that is from the source
105, and (2) light having changed polarization state 135 that is exiting from one of
the polarizing elements 125.

[0021] The differing changed polarization states 135 and 140 of the light exiting the
display 115 may enable the “reading” of the pattern of polarizing elements 130 using
a detector 145 that may be capable of distinguishing the changed polarization states
135 and 140. Reading the pattern of polarizing elements may be possible based

upon the ability of the detector 145 to discern the changed polarization state 135 of
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light exiting the polarizing elements 130 from the background changed polarization
state 140 of light exiting the carrier 125.

[0022] Based upon the unique encoded absolute positional information between
the visibly transparent polarizing elements 130, the detector 145 may determine its
location on the surface 120 of the display 115. The pattern and relative accuracy of
the visibly transparent polarizing elements 130 may contribute to the accuracy of the
detector 145 in determining its location with respect to the display 115. A higher
accuracy and/or higher density pattern of visibly transparent polarizing elements 130
disposed across the surface 120 of the display 115 may generally improve the
accuracy of the location determination by the detector 145. Based upon the unique
encoded absolute positional information between the visibly transparent polarizing
elements 130, an extremely precise determination of detector 145 location with
respect to the pattern of polarizing elements 130 may be possible.

[0023] The polarization state 110 may include a plurality of polarization states.
However, in some examples, the light may be provided using a polarized light source
105 generating light having ONLY the polarization state 110, e.g. a linear polarized
light source producing only one of a vertically polarized light or a horizontally
polarized light. In yet other examples, the light may be provided using a non-specific
polarized light source 105 generating light having a plurality of polarization states,
e.g. a polarized light source 105 producing at least two of vertically, horizontally, or
circularly polarized light. The light produced using a non-specific polarized light
source 105 may be filtered or similarly adjusted to provide light having only the
polarization state 110. The polarized light source 105 can include any number of
individual polarized light sources.

[0024] The display 115 may have a surface 120 from which light having the
polarization state 110 exits or is otherwise emitted. The display 115 may incorporate
any technology, for example liquid crystal display (LCD) technology; light emitting
diode (LED); organic LED (OLED); active matrix OLED (AMOLED); or any other
display technology. Although not depicted as such in FIG. 4, the polarized light
source 105 may be incorporated into the display 115, for example the independent
LEDs forming an LED display 115 may each be considered a polarized light source

105. Alternately, LCD displays emit linear polarized light via their inherent design.
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[0025] A carrier 125 having predetermined pattern of visibly transparent polarizing
elements 130 disposed therein may be disposed proximate, e.g. applied to, the
surface 120 to change or otherwise alter the polarization state 110 to provide (1)
light passing through the polarizing element 130 and having a changed polarization
state 135, and (2) light passing through the carrier 125 and having changed
polarization state 140. The carrier 125 may be any substrate made of a material that
does not affect the polarization state of light transiting the carrier. The carrier 126
may be applied to the surface 120 of the display 115 via a bonding agent. The
carrier 125 may, for example, be a sticker, panel, glass substrate, or any suitable
carrier. However, in other examples, the predetermined pattern of visibly transparent
polarizing elements 130 may be applied directly to the surface 120 of the display
115, for example such that the elements 130 are integral on the surface 120. Thus, it
is understood herein that when it is stated that the elements 125 are “disposed on”
the display 120, this encompasses both (1) examples in which a carrier 125 is used,
and (2) examples in which the elements 130 are applied directly on the display.
Additionally, to the extent any of the examples are described herein relative to using
a carrier 125, it is understood that such examples can also be implemented by
directly applying the elements 130. In some examples, an additional carrier, such as
a sticker or other carrier, may be applied on area “proximate to the display”, that is,
to an area of the computing device 150a other than the display 115. For example,
the carrier 125 may be applied adjacent to the display 115 and/or around the
periphery of the display area on the same side of the computing device 150a on
which the display 115 is disposed. The additional carrier may be used for
determining to which display a detector is proximate, as will be described relative to
FIG. 6.

[0026] The polarization state of light passing through each the transparent
polarizing elements 130 disposed on the surface 120 of the display 115 may be
altered or otherwise changed based upon physical characteristics, composition, or a
combination thereof, of the polarizing element 130. Each of the transparent
polarizing elements 130 can be composed of a material, for example a polymeric
material, capable of transforming or otherwise altering the polarization state of light

passing through the polarizing element. For example, linear vertically polarized light
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generated by a source and passing through a polarizing element 130 may be phase
retarded Y2 wave in one direction, for example left or right, while the linear polarized
light passing through only the carrier 125 may be phase retarded "4 wave in the
opposite direction. Other changes in polarization state of the light passing through
the carrier 125, the polarizing elements 130, or both may be used. Similarly, any
polarized light source 105 may be used such that the changed polarization state 135
of the light passing only through the polarizing elements 130 is distinguishable from
the changed polarization state 140 of the light passing only through the carrier 125.
[0027] An example polymeric material capable of providing the transparent
polarizing elements 130 can include, but is not limited to, a photo-aligned,
anisotropic optical thin film such as that produced by Rolic® Research Ltd., although
other materials and other manufacturers capable of providing similar polarization
based filtering capabilities may be substituted. Rolic® provides a curable, liquid, light
controlled molecular orientation (“LCMQO”) polymeric material suitable for photo
lithographically producing the polarizing elements 130 within the carrier 125.
Through the use of LCMO materials it is possible to create structured optical
elements on a microscopic or macroscopic scale using light-induced spatial
alignment of molecules within the LCMO material. LCMO aligns molecules, for
example the molecules forming the polarizing elements 130, in a predefined way in
photo alignment layers by irradiating them with ultra-violet polarized light. Based
upon the choice of materials and the direction of incidence and polarization of the
light used to form the polarizing elements 130, it is possible for the molecules
forming the polarizing elements 130 to be aligned in any direction of the three-
dimensional space. An index of refraction birefringence maybe introduced in the
material hence producing these polarization altering phase retarding elements.
[0028] When disposed upon or formed within a suitable carrier 125, the visibly
transparent polarizing elements 130 are not visible to the naked eye when back-
iluminated (for example, when back illuminated by the polarized light source 105).
The visibly transparent polarizing elements 125 can be deposited on or otherwise
formed within the substrate using any method or system, including but not limited to,

photolithography and conventional printing technologies.
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[0029] The polarizing elements 130 can be disposed within the carrier 130 in a
unique, specific, spatial or positional pattern. The use of such a pattern creates a
geometric relationship between the polarizing elements 130 and their location on
the display 115. The geometric relationship between the polarizing elements 130
and the display 115 permit the ability to determine the location of the detector 145
sensitive to the changed polarization state 130 of the light emitted by the polarizing
elements 130 when the detector 145 is disposed proximate the display 115.

[0030] The pattern of light having the changed polarization state 130 sensed by the
detector 145 permits the precise determination of the physical location of the
detector 145 on the display 115. Increasing the location accuracy or density of the
polarizing elements 130 (for example by forming greater numbers of physically
smaller, closer grouped polarizing elements 130) enhances the location detection
capability of the detector 145. The size of each of the polarizing elements can vary
based on factors such as desired resolution, mastering technique, and the overall
size of the display 115 however in general the size of the polarizing elements 130 is
on the order of 100 microns and can be as small 15 to 25 microns diameter.

[0031] An example pattern capable of providing unique encoded absolute
positional information between the visibly transparent polarizing elements 130 is the
Anoto dot pattern described above. Disposing the polarizing elements 130 in an
Anoto compliant pattern provides a unique location identification system using the
detector 145 capable of detecting the changed polarization state 135 of the light
passing through the polarizing elements 130. Although the Anoto dot pattern is used
as an llustrative example, any comparable predetermined pattern capable of
providing unigue encoded absolute positional information between the visibly
transparent elements 130 may be similarly employed to dispose or locate the
elements 130 in, on, or about the carrier 125.

[0032] Since changes in the polarization state of light are imperceptible to the
human eye, the light emitted by the display 115 may appear uniform across the
display regardless of the changed polarization states 135 and 140 of the light. The
ability to provide a visually transparent carrier 125 containing visually transparent
polarizing elements 130 may enable the use of a detector 145 sensitive to the

changed polarization state 135 of the light passing through the polarizing elements
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130 to determine the physical location or position of the detector 145 on the display
115 while at the same time providing minimal impairment of the user’s view of the
display 115. The ability to provide location based data to the detector 145 while
simultaneously providing a minimally impaired view of the display 115 to the user
provides the display with the ability to contemporaneously function as both an input
device, e.g. a device capable of detecting location based input via the detector 145,
and an output device, e.g. a display capable of displaying data. An example of the
utility of such a device can be found in a display based input tablet. Such a tablet
may enable easy, customizable, user configuration of various tiles and input
designators on the tablet surface.

[0033] The detector 145 may include any device, system, or combination of
systems and devices suitable for detecting the changed polarization 135 of the light
exiting the polarizing element 130. For example, a detector 145 sensitive to the
changed polarization state 135 of the light exiting the polarizing elements 130 may
incorporate a circular polarizer analyzer of appropriate handedness and a linear
polarizer alignment to discriminate patterns that use %2 wave polarizing elements 130
of opposite rotational handiness. Other polarization sensitive technologies with
similar performance can be used as the basis for the detector 145.

[0034] Where the detector 145 is used as an input device to a tablet or where the
detector 145 is used similar to a drafting pen, physical displacement of the detector
145 across the surface 120 of the display 115 may affect the scan rate, exposure,
and blur reduction capabilities of the detector 145 to properly discern the pattern of
polarizing dots 135. A strobed and short duration LED near-IR illuminator in the
handheld device 185a may be used to freeze motion and compensate for these
motion effects and allow for high rate translation motion of the handheld device
185a. Additional logic may therefore be incorporated into the detector 145 to
increase or decrease the detector scan rate based at least in part upon the velocity
with which the detector 145 is moved across the surface 120 of the display 115.
Similarly, the logic providing for exposure compensation and blur reduction can also
be incorporated into the detector 145 based at least in part upon the velocity with

which the detector is moved across the surface 120 of the display 115.
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[0035] The handheld device 185a may include a transmitter 195 to transmit data
representing the location of the detector to a computing device. The data
representing the location may be the detected pattern.

[0036] In some examples, in addition to or as an alternative to the light source 105
inside the computing device 150a and behind the display 115, a light source, such
as an IR source, may be provided external to the computing device 150a. The IR
source may be provided as part of the handheld device 185a and/or may be
attached to the detector 145. This light source may then also be used during
detection, as described in U.S. Application No. PCT/US2011/051968 filed on
September 16, 2011, entitled “Positional Input Systems and Methods”, the entire
contents of which are hereby incorporated herein by reference.

[0037] As shown, the handheld device 185a may be communicatively coupled with
computing device 150a over connection 170a, and with computing device 150b over
connection 170b. The handheld device 185b is communicatively coupled with
computing device 150a over connection 170c, and with computing device 150b over
connection 170d. Additionally, the computing devices 150a and 150b may be
communicatively coupled to each other over connection 170e. The connections
170a-e may be wired or wireless. Wireless communication may be performed by a
Bluetooth connection and/or any other radio frequency (RF) transmission, for
example.

[0038] In some examples, the system 100 may allow various methods to be
described herein to be performed with one of the handheld devices 185a-b serving
as a host device in communication with the computing devices 150a-b, such that the
computing devices 150a-b need not be in communication with each other. In other
examples, one of the computing devices 150a-b, or another computing device
separate from the computing devices 150a-b having displays 115, may serve as a
host device in communication with the other computing device and in communication
with the handheld devices 185a-b.

[0039] In some examples, rather than two computing devices 150a-b, there may be
three, four, or any greater number of computing devices. Additionally, rather than
two handheld devices 185a-b, there may be three, four, or any greater number of

handheld devices.
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[0040] FIGS. 5-8 are flow diagrams illustrating positional input methods 300, 400,
500, and 600 according to some examples. In some examples, these methods may
be varied, such that some steps may be added, and some steps may be omitted. In
describing FIG. 5-8, reference will be made to FIG 4. Each of these methods relate
to determining to which display 115 a detector 145 is proximate, when multiple
displays 115 are present in the area. Although these methods describe operation
relative to handheld device 185a, it is understood that handheld device 185b may be
operated with the computing devices 150a-b as well. Simultaneous use of multiple
handheld devices 185a-b will be described relative to method 700 of FIG. 9.

[0041] Turning to FIG. 5, at 310, multiple computing devices 150a-b having
displays 115 may be provided. Each of the displays 115 may have different patterns
disposed on or proximate to the displays 115 relative to each other.

[0042] In some examples, if carriers 125 are provided on or proximate to each of
the displays 115 of the computing devices 150a-b, then each of the carriers 125 may
have different patterns relative to one another. For example, each pattern may be a
different optical pattern of visibly transparent polarization altering elements 130, for
example different Anoto dot patterns.

[0043] In some examples, the patterns on the carriers 125 may be different from
one another across the entire area spanned by the carriers 125 on the displays 115.
In other examples, the patterns on different carriers 125 may be different from one
another only across part of their respective areas. For example, one of the corners of
each carrier 125, such as the top-right corner of each carrier 125, may have a
unique pattern, whereas the remainder of each carrier 125 may have an identical
pattern compared to the other carriers 125.

[0044] In yet other examples, each display 115 may be provided with two carriers
125, wherein the first carrier 125 has a pattern that is identical to first carriers 125 on
the other displays, and the second carrier 125 has a unique pattern. In these
examples, each of the first carriers may be identical L-shaped carriers, for example,
with the second carriers 125 each disposed in the region of the display 115 not
covered the first L-shaped carriers 115. In other examples, the first carriers 125 may
cover each of their entire respective displays 115, and each of the second carriers

125 may be disposed on top of subsets of the first carriers 125, or the second
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carriers 125 may be disposed proximate to their respective displays 125 on an area
of the computing device other than the display 115. For example, each of the second
carriers 125 may be applied adjacent to the display 115 and/or around the periphery
of the display area on the same side of the computing device 150a on which the
display 115 is disposed.

[0045] In other examples, if the patterns of polarizing elements 125 are applied
directly to the displays 115, then similarly as above, each of the displays 115 may
have different patterns relative to one another. In some examples, the patterns on
the displays 115 may be different from one another across the entire area spanned
by the displays 115. In other examples, the patterns on different displays 115 may
be different from one another only across part of their respective areas. For
example, one of the corners of each display 115, such as the top-right corner of
each display 115, may have a unique pattern, whereas the remainder of each
displays 115 may have an identical pattern compared to the other displays 115.
[0046] In yet other examples, if the patterns of polarizing elements 125 are applied
directly to the displays 115, then each of the displays 115 may have the same
patterns relative to one another. However, each display 115 may additionally have a
carrier 125 disposed thereon or proximate thereto which may cover part of its
respective display 115 or may be on an adjacent part of the computing device 115,
wherein each carrier 125 has a different pattern relative to the others.

[0047] At 320, the handheld device 185a may be placed proximate to one of the
displays 115 of computing devices 150a-b, such as of computing device 150a. The
handheld device 185a may be placed proximate to a part of the display 115 on which
a unique pattern is disposed, according to any of the examples discussed at 310.
[0048] In some examples, the handheld device 185a may be placed proximate to a
pattern that is disposed on the display 115, such that detection of part of the pattern
disposed on the display may serve the dual purpose of (1) determining to which
display 115 the handheld device 185a is proximate, and (2) determining the physical
location of the handheld device 185a on the display 115 to which the handheld
device 185 is proximate.

[0049] In other examples, the handheld device 185 may first be placed proximate

specifically to a unique first pattern that identifies the display 115 for determining to
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which display 115 the handheld device is proximate. For example, the unique pattern
may be disposed on or proximate to the display 115 according to any of the
examples discussed at 310. Thereafter, the handheld device 185a may be placed
proximate to a part of the display 115, such that detection of part of a second pattern
disposed on the display 115 may be used for determining the physical location of the
handheld device 185a on the display 115.

[0050] Any of the foregoing pattern detections may be performed as follows.

[0051] Light having the polarization state 110 may be generated using the
polarized light source 105 of computing device 150a that may be located on the non-
viewable, or reverse, side of the display 115. In some examples, the light may be
generated having the polarization state 110. In other examples, if the light is
generated having multiple polarization states or no polarization state, then the
polarization state 110 may be a single polarization state provided using a filter
disposed between the source 105 and the display 115. In any of the above
examples, the polarization state 110 may be a linear polarization state, or another
type of polarization state. The polarized light 110 may pass through the display 115,
exiting the surface 120 of the display 115 of computing device 150a.

[0052] A portion of the polarized light 110 may pass through the carrier 125 of
computing device 150a, while the remaining portion of polarized light 110 may pass
through the polarizing elements 130. The polarization state of the polarized light 110
passing through the polarizing elements 130 may attain a changed polarization state
135, while the polarization state of the linear polarized light 110 passing through the
carrier 125 may attain a changed polarization state 140.

[0053] The pattern of changed polarization states 135 of the light exiting the
polarizing elements 130 is detected using the detector 145 of handheld device 185a.
The pattern may represent unique encoded absolute positional information between
the visibly transparent polarizing elements 130 corresponding to a unique physical
location of the detector 145 on the surface 120 of the display 115.

[0054] Although detection above is described using the example of FIG. 4, any
optical pattern based method of detection may be used. For example, detection may
be performed using an external light source instead of a light source internal to the

computing device 150a, as discussed earlier and as is described in U.S. Application
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No. PCT/US2011/051968 filed on September 16, 2011, entitled “Positional Input
Systems and Methods”. In examples in which a pattern is not disposed on the
display and instead is disposed on another part of the computing device 150a,
detection using the external light source may be suitable because an internal light
source may not be able to pass light through the pattern.

[0055] In another example, detection may be performed using near-infrared (near-
IR) absorbing ink printed elements instead of polarizing elements, as discussed
earlier. Any other suitable optical detection methods may also be used, as discussed
earlier.

[0056] At 330, data representing the detected pattern may be transmitted to one or
more computing devices 150a-b. In some examples, such as if the handheld device
185 is the host device, the handheld device 185a may communicate, e.g. transmit or
send, the data representing the detected pattern to each of the computing devices
150a-b. In other examples, such as if the computing device 150b is the host device,
the handheld device 185a may communicate, e.g. transmit or send, the data
representing the detected pattern to the host computing device 150b.

[0057] At 340, based on the detected pattern, which may be unique to a particular
display 115, it may be determined to which display the detector 145 is proximate. In
some examples, such as if the handheld device 185a is a host device, each
computing device 150a-b may have pattern data stored in its computer-readable
medium 160 representing which pattern is on its carrier 125. Each respective
computing device 150a-b may compare the pattern in its stored pattern data with the
detected pattern data representing part of the pattern detected by the handheld
device 185a. If the detected part of the pattern matches a part of the stored pattern
data of one of the computing devices 150a-b, this indicates that the handheld device
185a is proximate to the display of that respective computing device 150a-b and is
not proximate to the others.

[0058] In other examples, such as if the computing device 150b is a host device,
the computing device 150b may have pattern data stored in its computer-readable
medium 160 representing patterns on the carriers of each of the computing devices
150a-b. Thus, the host computing device 150b may compare the patterns in its

pattern data with the pattern data representing part of the pattern detected by the
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handheld device 185a to determine which computing device’s pattern matches the
detected part of the pattern. This may indicate to which computing device 150a,
150b, or 150c the handheld device 185a is proximate.

[0059] In yet other examples in which the computing device 150b is a host device,
the computing device 150b may communicate the detected pattern data to each of
the other computing devices, such as computing device 150a. In these examples,
each computing device 150a-b may have pattern data stored in its computer-
readable medium 160 representing which pattern is on its carrier 125. Each
computing device 150a-b may compare the pattern in its stored pattern data with the
detected pattern data representing part of the pattern detected by the handheld
device 185a. Thus, the comparison and determination of to which computing device
150a-b the handheld device 185a is proximate may be made.

[0060] At 350, based on the detected pattern, a computing device may determine
the physical location of the handheld device 185a and detector 145 on the display
115 to which the detector was determined to be proximate at 340. This determination
may be made by the computing device 150 or 150b housing the display 115 to which
the detector 145 and handheld device 185a is proximate, by the controller 190 in the
detector, or by one of the other computing devices in the system 100.

[0061] The detected pattern may represent unique encoded absolute positional
information between the visibly transparent polarizing elements 130 corresponding
to a unique physical location of the detector 145 and handheld device 185a on the
surface 120 of the display 115. Thus, the physical location of the detector 145 may
be determined by comparing the detected pattern to the stored known patterns of the
carrier 125 of the display 115 to which the detector 145 is proximate.

[0062] At 360, the computing device 150a-b to which the detector 145 is proximate
may, after determining and/or receiving the physical location data, communicate to
its display 115 to modify its output, e.g. to modify the color of pixels being displayed
at the physical location. For example, if a user is using the handheld device 185a to
draw on the display 115, the determined physical location of the display 115 may
display colored lines to represent the drawing in response to the handheld device

185a being proximate to that physical location.
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[0063] Turning to FIG. 6, at 410, multiple computing devices 150a-b may be
provided, wherein the carriers 125 of the computing devices 150a-b may have the
same or different patterns relative to one another.

[0064] At 420, if the detector 145 and handheld computing device 185a have not
been proximate to one of the displays 115 for a predetermined period of time, and
therefore none of the computing devices 150a-b have received from the handheld
device 185a data representing the detected pattern, then each of the displays 115
may display a different identification (ID) code that is unique to each display 115.
However, in other examples the same or different ID code may be displayed on
different displays 115 sequentially, e.g. on only one display 115 at a time, such that
the time of ID code measurement may indicate on which display 115 the ID code
was detected.

[0065] The determination that no interaction has taken place for a predetermined
period of time may be performed by the host device, such as by the handheld device
185a or by the host computing device 150b. The ID code may be represented in any
suitable image form, such as a barcode, color pattern, alphanumeric text, a symbol,
or a change in brightness or other image characteristic, for example. The ID code
may be displayed throughout the area of the display in a repeating pattern, for
example. The ID code may be a watermark generated by a modulation of pixels in
the image. The pixels may be modulated such that the watermark is not visible to a
human user. The predetermined period of time may be any suitable time period,
such as a fraction of a second, or several seconds, for example.

[0066] At 430, the detection of part of a pattern on one of the displays 115 may be
done as described earlier relative to 320 of FIG. 5. Additionally, the detector 145 of
the handheld device 185a may detect the ID code that is displayed on the display
115, using a suitable optical sensor of the handheld device 185a, such as a camera.

[0067] At 440, data representing the detected pattern and detected ID code may be
transmitted to one or more computing devices 150a-b, in similar ways as described
earlier relative to 330 of FIG. 5.

[0068] At 450, based on the detected ID code, it may be determined to which
display 115 the detector 145 is proximate. In some examples, such as if the

handheld device 185a is a host device, each computing device 150a-b may have ID
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code data stored in its computer-readable medium 160 representing which ID code
is to be displayed on its display 115. Each respective computing device 150a-b may
compare the ID code in its stored ID code data with the detected ID code. If the
detected ID code matches the stored ID code, this indicates to which computing
device 150a-b the detector 145 and handheld device 185a are proximate.

[0069] In other examples, such as if the computing device 150b is a host device,
the computing device 150b may have ID code data stored in its computer-readable
medium 160 representing ID codes displayed on each of the displays 115 of the
computing devices 150a-b. Thus, the host computing device 150b may compare the
ID codes in its ID code data with the detected ID code to determine which computing
device’s ID code matches the detected ID code.

[0070] In yet other examples in which the computing device 150b is a host device,
the computing device 150b may communicate the detected ID code data to each of
the other computing devices, such as computing device 150a. In these examples,
each computing device 150a-b may have ID code data stored in its computer-
readable medium 160. Each computing device 150a-b may compare the ID code in
its stored ID code data with the detected ID code data representing the ID code
detected by the handheld device 185a. Thus, the comparison and determination of
to which computing device 150a-b the handheld device 185a is proximate may be
made.

[0071] At 460, based on the detected pattern, a computing device may determine
the physical location of the handheld device 185a and detector 145 on the display
115 to which the detector was determined to be proximate. This may be done in a
similar way as described relative to 350 of FIG. 5.

[0072] At 470, the computing device 150a-b to which the detector 145 is proximate
may communicate to its display 115 to modify its output. This may be done in a
similar way as described relative to 360 of FIG. 5.

[0073] Turning to FIG. 7, at 510, multiple computing devices 150a-b may be
provided, wherein the carriers 125 of the computing devices 150a-b may have the
same or different patterns relative to one another.

[0074] At 520, once communication is established between the devices according

to the connections in FIG. 4, each of the computing devices 150a-b and the
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handheld device 185a may synchronize their timers, e.g. clocks such that time
stamps for actions by any of the devices can be compared to determine whether the
actions occurred simultaneously or at different points in time.

[0075] At 530, the detection of part of a pattern on one of the displays 115 may be
done as described earlier relative to 320 of FIG. 5. Additionally, the detector 145 of
the handheld device 185a may detect a portion of the image displayed on the display
115, using a suitable optical sensor of the handheld device 185a, such as a camera.
A timestamp representing the times of these detections may be stored by the
controller 190.

[0076] At 540, a hash may be generated of the detected portion of the image, for
example by using a predetermined hash function. Because the respective images
being displayed on the different displays 115 may be different, the hash may
uniquely identify one of the displays 115. The hash may be determined by the
controller 190 of the handheld device 185a, or in other examples may be determined
by one of the computing devices 150a-b.

[0077] At 550, data representing the detected pattern, hash, and timestamps of the
detected patterns and detected image portion may be transmitted to one or more
computing devices 150a-b, in similar ways as described earlier relative to 330 of
FIG. 5.

[0078] At 560, based on the hash and timestamps, it may be determined to which
display 115 the detector 145 is proximate. In some examples, each computing
device 150a-b, or a host computing device, may compare a hash of the image it
displayed to the hash of the detected image portion to determine to which computing
device 150a-b the detector 145 and handheld device 185a are proximate.

[0079] At 570, based on the detected pattern, a computing device may determine
the physical location of the handheld device 185a and detector 145 on the display
115 to which the detector was determined to be proximate. This may be done in a
similar way as described relative to 350 of FIG. 5.

[0080] At 580, the computing device 150a-b to which the detector 145 is proximate
may communicate to its display 115 to modify its output. This may be done in a

similar way as described relative to 360 of FIG. 5.
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[0081] Turning to FIG. 8, at 610, multiple computing devices 150a-b may be
provided, wherein the carriers 125 of the computing devices 150a-b may have the
same or different patterns relative to one another.

[0082] At 620, the detection of part of a pattern on one of the displays 115 may be
done as described earlier relative to 320 of FIG. 5.

[0083] At 630, one or more sensors in the handheld device 185a or in the displays
115 of the computing devices 150a-b may detect to which display 115 the detector
145 and handheld device 185a is proximate.

[0084] In some examples, one or more RF sensors, such as RF coils, in the
displays 115 and/or in the computing devices 150a-b may detect the signal strength
of communications from the handheld device 185a to determine if the handheld
device 185a is proximate. In some examples, an RF sensor in the handheld device
185a may detect signal strengths from the displays 115 and/or computing devices
150a-b to determine if the handheld device 185a is proximate to one of the displays
115.

[0085] In some examples, acoustic sensors may be used to detect sounds
generated by contact between the handheld device 185a and a display 115. In some
examples, one of the devices, such as the handheld device 185a or display 115,
may generate a sound, which may then be detected by the other of the handheld
device 185a or display 115 using an acoustic sensor. The generated sound may be
inaudible to humans due to volume and/or frequency.

[0086] In some examples, touch sensors, such as capacitive sensors or frustrated
total internal reflection (FTIR) sensors in the displays 115 and/or computing devices
150a-b may be used to detect whether contact is made between the handheld
device 185a and a display 115, or by a fingertip and the display 115. In some
examples, each display 115 may display different touch pattern. The touch pattern
may include a series of dots, numbers, or other image features that, if pressed in a
non-ordered way or in a sequential order by the user holding the handheld device
185a or using a fingertip, then the computing device 150a-b housing the display 115

that was touched may determine that the handheld device 185a is proximate.
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[0087] In some examples, the computing devices 150a-b, such as tablets, may
include sensors such as magnetometers, which may used to detect magnetic fields
when the handheld device 185a is proximate.

[0088] In some examples, photosensors in the displays 115 may detect a flash on
the display resulting from a proximate handheld device 185a. In other examples, the
photosensors may be in the handheld device 185a.

[0089] At 640, data representing the detected pattern may be transmitted to one or
more computing devices 150a-b, in similar ways as described earlier relative to 330
of FIG. 5. In examples in which the handheld device 185a determined to which
computing device 150a-b the handheld device 185a is proximate, the handheld
device 185a may communicate the detected pattern only to that handheld device
185a. In examples in which a computing device 150a-b determined that the
handheld device 185a is proximate to it, the handheld device 150a-b may
communicate the detected pattern to each of the computing devices 150a-b.

[0090] At 650, based on the detected pattern, the computing device 150a-b may
determine the physical location of the handheld device 185a and detector 145 on the
display 115 to which the detector was determined to be proximate. This may be
done in a similar way as described relative to 350 of FIG. 5. Additionally, the
computing device 150a-b may make this determination if it is known to be the
computing device to which the detector is proximate based either on (1) if only the
proximate computing device receives the detected pattern as described at step 640,
or (2) the computing device had determined at 630 that it is the proximate computing
device.

[0091] At 660, the computing device 150a-b to which the detector 145 is proximate
may communicate to its display 115 to modify its output. This may be done in a
similar way as described relative to 360 of FIG. 5.

[0092] FIG. 9 is a flow diagram illustrating a positional input method 700 according
to some examples. In some examples, the methods may be varied, such that some
steps may be added, and some steps may be omitted. In describing FIG. 9,
reference will be made to FIGS. 4-8. FIG. 9 may allow simultaneous use of multiple
handheld devices 185a-b.
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[0093] At 710, each handheld device 185a-b and thus its respective detector 115
may be identified. Each handheld device 185a-b may be assigned ID codes that are
unique relative to each other.

[0094] At 720, once communication is established between the devices according
to the connections in FIG. 4, each of the computing devices 150a-b and the
handheld devices 185a and 185b may synchronize their timers, e.g. clocks such that
time stamps for actions by any of the devices can be compared to determine
whether the actions occurred simultaneously or at different points in time.

[0095] At 730, each detector 145 of the handheld devices 185a-b may respectively
detect a part of a pattern on one of the displays 115. Each detection may be done as
described earlier relative to 320 of FIG. 5.

[0096] At 740, in some examples, it may be determined to which computing device
150a-b and display 115 each handheld device 185a-b is associated. This may be
done, for example, by determining to which computing device’s display 115 each
handheld device 185a-b is proximate, according to any of the methods 300, 400,
500, or 600 described earlier. In some examples, multiple handheld devices 185a-b
may be proximate to the same computing device’s display 115. In other examples,
each handheld device 185a-b may be proximate to different displays.

[0097] At 750, each handheld device 185a-b may transmit, to one or more
computing devices 150a-b, data representing the pattern it detected, the handheld
device’s ID code, and the timestamp of the detection of the pattern. This may, for
example, be done in similar ways as described earlier relative to 330 of FIG. 5. In
examples in which each handheld devices 185a-b itself determined to which
computing devices 150a-b it is proximate, the respective handheld devices 185a-b
may communicate the detected pattern only to the computing device 150a-b to
which it is proximate. In examples in which one of the computing devices 150a-b
determined that a given handheld device 185a is proximate to it, the handheld
device 185a may communicate the detected pattern to each of the computing
devices 150a-b.

[0098] At 760, based on the detected pattern, each computing device 150a-b may
determine the physical location of the handheld device 185a and detector 145 on the

display 115 to which the detector was determined to be proximate. This may be
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done in a similar way as described relative to 350 of FIG. 5. Additionally, each
computing device 150a-b may make this determination if it is known to be the
computing device to which a detector 145 is proximate based either on (1) if only the
proximate computing device receives the detected pattern as described at step 640,
or (2) the computing device had determined at 630 that it is the proximate computing
device.

[0099] At 770, the computing device 150a-b to which a handheld device 185a-b is
proximate may communicate to its display 115 to modify its output, e.g. to modify the
color of pixels being displayed at the physical location. For example, if a user is
using a handheld device 185a-b to draw on the display 115, the determined physical
location of the display 115 may display colored lines to represent the drawing in
response to the handheld device 185a being proximate to that physical location. The
output may be modified in accordance with the ID code of the handheld device 185a-
b, such that the modified output is different depending on which handheld device
185a-b is being used on the respective computing device 150a-b. For example, one
handheld device 185a may draw in a first color, and another handheld device 185b
may draw in a second, different color. In other examples, other visual cues other
than colors may be used to visually identify which handheld device 185b interacted
with a display 115.

[00100] In some examples, the same software, such as graphics software, may be
open on multiple computing devices 150a-b. Thus, multiple users may
simultaneously work on the same drawing or project. In some examples, one user
may draw on one display 115, and another user may draw on a different display 115,
however the input from all users may appear on all of the displays 115
simultaneously to allow collaborative drawing. In other examples, multiple users may
work on the same display 115. In yet other examples, each user may only have
permission to draw on one of the displays 115, however the output from all users
using separate displays 115 may appear on each of the displays 115.

[00101] Because each handheld device 185a-b is separately identified with an ID
code, certain permissions may be available to some users but not to other users. For

example, each user may have sole permission to erase their own drawing marks.
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[00102] In some examples, multiple handheld devices 185a-b may be associated
together in a group, such that one group of handheld devices 185a-b may be
collectively given permission to perform a task, or may all cause the same output
modification on the displays 115.

[00103] At 780, for each handheld device 185a-b, an interaction log may be stored
in any of the devices in the system 100. For each handheld device 185a-b, the
interaction log may comprise data regarding any interaction events. The data for
each interaction event may include, for example, the identity of the display 115, the
timestamp of the interaction, the detected pattern, and/or the location on the display
115 of the interaction.

[00104] All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method
or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive.

[00105] In the foregoing description, numerous details are set forth to provide an
understanding of the subject disclosed herein. However, examples may be practiced
without some or all of these details. Other examples may include modifications and
variations from the details discussed above. It is intended that the appended claims

cover such modifications and variations.
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CLAIMS:

What is claimed is:

1. A positional input method comprising:

determining, using a handheld device comprising a detector, to which display
of a plurality of displays the detector is proximate;

detecting, using the detector, at least a part of an optical pattern disposed on
the display to which the detector is proximate, the part of the optical pattern

corresponding to a location on the display.

2. The positional input method of claim 1 wherein the optical pattern is detected
by:
passing a polarized light generated by a source through the optical
pattern, the optical pattern being a predetermined pattern of visibly
transparent polarizing elements disposed on the display; and
detecting a change in the polarization state of the polarized light

corresponding to the location on the display.

3. The positional input method of claim 1 wherein:

each of the displays has a respective different optical pattern proximate to or
disposed on the display,

wherein the display to which the detector is proximate is determined based on

detection of one of the different optical patterns.

4, The positional input method of claim 1 wherein the display to which the
detector is proximate is determined by detecting, using the detector or a sensor in

the handheld device, an ID code displayed by the display.

5. The positional input method of claim 4 wherein the ID code comprises one or

more of a barcode, color pattern, a symbol, or a change in brightness.
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6. The positional input method of claim 4 wherein the ID code is displayed by the
display if the detector has not been proximate to one or more of the displays for a

predetermined period of time.

7. The positional input method of claim 4 wherein a respective different ID code
is sequentially displayed by each of the displays, the detected ID code being one of
the respective different ID codes.

8. The positional input method of claim 1 wherein the display to which the
detector is proximate is determined by:
detecting, using the detector or a sensor in the handheld device, a
portion of an image displayed by the display;
generating a hash based on the detected portion of the image; and
comparing the generated hash to a hash that is based on data used to

display the portion of the image.

9. The positional input method of claim 1 wherein the display to which the
detector is proximate is determined using a sensor coupled to the display or in the

handheld device that comprises the detector.

10.  The positional input method of claim 9 wherein the sensor is a radiofrequency

(RF) sensor, an acoustic sensor, a touch sensor, a magnetometer, or a photosensor.

11.  The positional input method of claim 1 further comprising:

determining to which display of a plurality of displays a second detector is
proximate;

detecting, using the second detector, at least a part of an optical pattern
disposed on the second display to which the second detector is proximate, the part

of the optical pattern corresponding to a location on the second display.
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12. A positional input system, comprising:
a plurality of displays, each of the displays having disposed thereon a
respective predetermined optical pattern;
a processor to determine to which display of the plurality of displays a
detector is proximate; and
a handheld device comprising:
the detector to detect a part of the predetermined optical pattern
disposed on the display to which the detector is proximate, the part of
the predetermined optical pattern corresponding to a location on a
surface of the display;
a transmitter to transmit data representing the location of the
handheld device to a computing device communicatively coupled to the

handheld device.

13. A positional input method comprising:

in a system comprising a plurality of displays each having disposed thereon a
respective optical pattern:

for each of a plurality of detectors, detecting, using the detector, at least a part
of an optical pattern disposed on a display of the plurality of displays to which the
detector is proximate, the part of the optical pattern corresponding to a location on a

surface of the display.

14.  The positional input method of claim 13 further comprising generating a
respective interaction log for each of the detectors, each interaction log comprising
data representing interaction events between the detector and a display of the

plurality of displays.

15.  The positional input method of claim 13 further comprising modifying output
on one or more of the displays in response to one of the detectors detecting one of
the optical patterns, the output modification being different depending on which of

the detectors detects the optical pattern.
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