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Determining the location of a user input device

BACKGROUND
[0001] Computer systems may include peripherals that emit signals that must
be detected by the computer system. Often non-visible light such as infrared (IR)
or ultraviolet (UV) light is used for such signals. However, because various visible
light sources also produce UV and/or IR light, light from such ambient sources
can also adversely impact the ability of the computer system to detect the signal
emitted by the peripheral. For example, incandescent lights, the sun, and a
variety of other common sources generate IR and/or UV light. These unintended
signals can provide undesired input to the computer system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] For a detailed description of various examples, reference will now be
made to the accompanying drawings in which:
[0003] Figure 1 is a flow chart illustrating a method according to examples of the
invention;
[0004] Figure 2 is a flow chart illustrating a method of determining a position of
a user input device;
[0005] Figure 3 is a block diagram of system according to examples of the
invention;
[0006] Figure 4 is a block diagram of an image capture device according to
some examples;
[0007] Figure 5is a side view of a stylus according to some examples; and
[0008] Figure 6 is a schematic diagram of image processing of an image of a
stylus as captured by an image capture device, according to some examples.

NOTATION AND NOMENCLATURE
[0009] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
computer companies may refer to a component by different names. This
document does not intend to distinguish between components that differ in name
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but not function. In the following discussion and in the claims, the terms
“‘including” and “comprising” are used in an open-ended fashion, and thus should
be interpreted to mean “including, but not limited to... .” Also, the term “couple” or
“couples” is intended to mean either an indirect or direct connection. Thus, if a
first device couples to a second device, that connection may be through a direct
electrical or mechanical connection, through an indirect electrical or mechanical
connection via other devices and connections, through an optical electrical
connection, or through a wireless electrical connection. As used herein, the
phrase “user input device” refers to any suitable device for providing an input, by
a user, into an electrical system such as, for example, a mouse, keyboard, a hand
(or any finger thereof), a stylus, a pointing device, etc.

DETAILED DESCRIPTION
[0010] The following discussion is directed to various examples of the
disclosure. Although one or more of these examples may be preferred, the
examples disclosed should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, one skilled in the art will
understand that the following description has broad application, and the
discussion of any example is meant only to be descriptive of that example, and
not intended to intimate that the scope of the disclosure, including the claims, is
limited to that example.
[0011] Examples of the invention include methods and devices which may
detect the signal from a user input device such as an infrared (IR) stylus. Though
the discussion below refers to an IR stylus for economy of language, it is to be
understood that any user input device emitting any appropriate signal may be
substituted for the IR stylus. The IR stylus may be manipulated by a user in a two-
dimensional or three-dimensional work space. Examples of the invention may
separate the signal emitted by the IR stylus from ambient IR light.
[0012] Fig. 1 illustrates a method according to examples of the invention. In
block 10, a data image is captured. The data image may be captured by a
camera or any other suitable image capture device. For example, suitable
cameras include IR cameras and depth cameras, or any other suitable device.
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[0013] The data image includes a signal from the user input device, and any
other information in the captured area. For example, in the case of an IR stylus as
the user input device and an IR camera as the image capture device, the data
image includes the signal emitted by the tip of the IR stylus, and any other IR
radiation in the image captured by the camera. Other IR radiation may include, for
example, IR radiation from light sources, and/or IR radiation that is reflected off
objects.

[0014] Inblock 12, a signal from the user input device is deactivated. For
example, an IR light source internal to the user input device is turned off,
shielded, or otherwise prevented from being detected by an image capturing
device, and/or an IR light source external to the user input device, which emits
light that is reflected by the retroreflective coating(s) on the user input device as
described below, is turned off, shielded, or otherwise prevented from being
detected by an image capturing device.

[0015] Inblock 14, after deactivating the signal from the user input device, an
ambient image is captured. The ambient image is often captured by the same
image capture device, though this is not required. Because the signal from the
user input device is deactivated, the ambient image includes only ambient light.
For example, in the case of an IR stylus and an IR camera, the ambient image
includes IR radiation from light sources, and/or IR radiation that is reflected off
objects.

[0016] Inblock 16, the ambient image is subtracted from the data image. The
ambient radiation is thus removed, leaving only the signal from the user input
device. The ambient image is subtracted from the data image to increase the
signal to noise ratio of the desired signal, the emission from the user input device.
[0017] Inblock 18, the position of the user input device is determined. The
position may be determined using the result of the subtraction of the ambient
image from the data image.

[0018] Fig. 2 illustrates one example of determining the position of the user
input device. The process of Fig. 2 can be performed by a system, which can

include an electronic device, an arrangement of electronic devices, a processor,
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or an arrangement of processors. In some examples, the system that can

perform the process of Fig. 2 is the system of Fig. 3, described below.

[0019] In block 40, the system receives data captured by an image capture
device of an input object (e.g. the stylus) that has a retroreflective material on a
surface of the stylus. The retroreflective material on the outer surface of the
stylus can include a first retroreflective pattern and a second, different
retroreflective pattern, as described below. The different patterns can have
different shapes, different sizes, or can have any other characteristic that can
distinguish one retroreflective pattern from another retroreflective pattern. In
some examples, the first retroreflective pattern can be provided at an upper
portion of the stylus, while the second retroreflective pattern can be provided at a
bottom portion of the stylus, such as near or on a tip portion of the stylus. The
use of different retroreflective patterns allows for a distinction to be made
between the top and bottom portions of the stylus.

[0020] Inblock 42, the system determines a position of the input object in three
dimensions based on the received data. Based on the position of the input
object, or on a gesture that can be derived based on multiple positions of the
input object as determined by the system, one or multiple input events can be
generated by the system.

[0021] Fig. 3illustrates a system according to examples of the invention. The
system illustrated in Fig. 3 includes a stylus 20, an image capturing device 24,
and a processor 28.

[0022] The image capturing device 24 may be, for example, one or more siill
cameras, video cameras, or any other suitable device capable of capturing
images of a work space 26. In some examples, the image capturing device
includes one or more IR cameras.

[0023] The work space 26 may be delineated by visual or actual borders,
though this is not required. For example, the work space 26 may be empty space,
a pad with no functionality, or a touch-sensitive or other pad that may be used as
a user-input device. The work space 26 is often substantially horizontal, for
example a table top surface or desk top surface, though this is not required.
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[0024] The processor 28 includes a central processing unit, volatile memory,
nonvolatile memory, and any other suitable components. The processor 28 is
often incorporated into a computer. As used herein, the term "computer" refers
broadly to any device that a user controls or interacts with using an input device.
A computer is often a general purpose computer that can execute a wide variety
of applications under the control of a user. Examples of suitable computers
include desktop computers, laptop computers, other personal computers,
smartphones, tablets, all-in-one computers (i.e., a display that also houses the
computer’s board), or some combination thereof.

[0025] Non-transitory machine readable instructions 30 are coupled to
processor 28. Non-transitory machine readable instructions 30 are a set of
computer-readable instructions installed on a computer-readable medium such
as, for example, a hard drive of the computer, and executed by the processor 28.
[0026] The processor 28 is coupled (wirelessly in some examples) to the stylus
20 and the image capturing device 24. The processor can include a wireless
interface that is able to communicate wirelessly with a corresponding wireless
interface in the stylus 20. The wireless interface can be a radio frequency (RF)
interface, an IR interface, and so forth. As examples, the wireless interface can
be a Bluetooth interface, a near field communication (NFC) interface, or any other
type of wireless interface.

[0027] The non-transitory machine readable instructions 30 include instructions
for capturing a data image including a signal from a user input device;
deactivating the signal from the user input device, then capturing an ambient
image. The non-transitory machine readable instructions 30 further include
instructions for subtracting the ambient image from the data image; and
determining a position of the user input device in a three-dimensional space using
a result of the subtracting.

[0028] In some examples, the non-transitory machine readable instructions 30
may further include instructions to display the position of the user input device, for
example on any suitable display device such as a monitor (not shown in Fig. 3).
In some examples, optics for the display device (such as, for example, a
projector) are coaxially aligned with optics that detect the stylus 20 (such as, for
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example, a light source that illuminates stylus 20, and/or the image capturing
device 24 that captures images of the stylus 20). The display device optics and
the stylus detection optics are aligned such that they have identical or nearly
identical chief ray angles. In such a system, the detection location of the stylus tip
will always be identical to the displayed (for example, projected) location at any
height on the z axis, due to the maiched chief ray angles.

[0029] The processor can apply image processing to images of the stylus 20
captured by the image capturing device 24. The image processing applied by the
processor can detect a position of the stylus 20 in three dimensions. The three
dimensions can include the x, y, and z axes, where the x and y axes can liein a
horizontal plane, for example, while the z axis extends in a vertical plane, for
example. More generally, the x and y axes lie in a first plane, and the z axis is
perpendicular to both the x and y axes. The z axis corresponds to a depth of the
stylus 20 with respect to the work space 26.

[0030] Fig. 4 illustrates one example of an image capturing device 24. The
image capturing device 24 includes an IR camera or other suitable camera 50
and a depth sensor 52. The image capturing device 24 is positioned with a fixed
optical geometry relative to the work space 26. The fixed optical geomeiry is used
to map the images captured by the camera 50 and depth sensor 52 into a three-
dimensional output result. More cameras and/or depth sensors may be used; the
invention is not limited to a system including a single camera as illustrated in Fig.
4. The depth sensor 52 can capture depth information of an object, including the
stylus 20. The depth sensor 52 may be part of IR camera 50 in some examples
or a separate device in some examples.

[0031] A position of the stylus 20 in the x, y, and z axes can be determined by
the processor 28. Based on determined position(s) of the stylus 20, the
processor can produce a respective input event(s). The input event(s) can be
used by other logic in the computer, such as machine-readable instructions (e.g.

software or firmware), a processor, and so forth.

[0032] Note that the processor can determine a position of the stylus 20 in three
dimensions even when the stylus 20 hovers over the work space 26. This
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determination can be made without physical interaction between the stylus 20
and the work space 26, while the stylus 20 hovers over the work space 26. In

some examples,

[0033] Fig. 5 is a side view of a stylus 20 according to some examples. The
stylus 20 is generally shaped as a wand in the example of Fig. 5. The stylus 20
has an overall body 302. A retroreflective material can be applied to the outer
surface of the body 302 substantially along the whole length of the body 302.
"Substantially along a whole length” of the body of the input object can refer to
greater than 50% of the whole length of the body of the input object. In other
examples, the retroreflective material is not applied substantially to the whole
length of the stylus 20, but instead, can be applied to an upper portion 304 and a
bottom portion 306 of the stylus 20. Note that the upper portion 304 and bottom
portion 306 can have a longer length, or shorter length, than depicted in the
example of Fig. 5. The upper portion 304 and lower portion 306 can have
respective retroreflective patterns that are different from each other.

[0034] A retroreflective material reflects incident light along a path that is parallel
to the path of the incident light. In other examples, the retroreflective material can
be a substantially retroreflective material, where light is reflected back along a
path that is approximately parallel to the path of the incident light. A path of the
reflected light is approximately parallel to the path of the incident light if the path
of reflected light is within 20° of being parallel with the path of the incident light.

[0035] Incident light can be produced by a light source assembly, not shown in

Fig. 3, which can include one or multiple light sources. The light produced by the
light source assembly can be in a specified range of wavelengths. For example,

the range of wavelengths of light produced by the light source assembly 108 can
be 825 millimeters to 875 millimeters.

[0036] The bottom part of the stylus 20 may be provided with a moveable
plunger 308 (which is an example of the tip portion referred to above). The
moveable plunger 308 can be a spring-loaded plunger that is moveable
longitudinally along the length of the stylus 20 when the plunger 308 makes
contact with a surface such as a surface of work space 26. Movement of the
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plunger 308 can be detected by a plunger sensor disposed within the stylus,
which can be an electrical switch sensor, an optical sensor, or any other type of

sensor.

[0037] In the example according to Fig. 5, a user-activatable button 310 can be
provided, which can be depressed by a user. Depressing a portion 312 of the
button 310 causes a first actuation of the button 310. Pressing a second portion
314 of the button 310 causes a second actuation of the button 310. Pressing a
middle portion 316 of the button 310 causes a third actuation of the button 310.
The different actuations can correspond to three different button inputs. In other
examples, other types of user-activatable elements can be provided.

[0038] The stylus 20 also includes a light emitting diode (LED) indicator 318.
The stylus 20 may include a battery to provide power to the various components
in the stylus.

[0039] Fig. 6is a schematic diagram of image processing that can be performed
by the processor 28 according to some examples. The processor receives data
502 provided by the image capture device 24, which can include an IR camera,
for example. The IR camera provides a raw IR image 504, which depicts the
stylus 20 as held by a user above the work space 26. The input data 502 further
includes depth information 506, as captured by the depth sensor of the IR
camera. The depth information 506 provides indications of the depth of the
elements captured in the raw image 504.

[0040] The processor applies image processing 508 to the input data 502 to
identify a position of the stylus 20. The image processing 508 produces a
processed image 510 that highlights the stylus 20 while removing the remainder
of elements in the raw image 504, including the user's hand and the work space.
The depth information 506 is also converted by the image processing 508 to a
depth image 512 that highlights the stylus 20.

[0041] The image processing 508 to highlight the stylus 20 is made more
accurate due to use of the retroreflective material on the outer surface of the
stylus 20.
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[0042] Combining the images 510 and 512 produces an output image 514 of
the stylus 20 that includes 3D information, which can be used to determine the 3D
position of the stylus 20.

[0043] The above discussion is meant to be illustrative of the principles and
various examples of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications.
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CLAIMS

What is claimed is:

1. A method comprising:

capturing a data image, the data image comprising a signal from a user
input device;

deactivating the signal from the user input device;

after deactivating the signal from the user input device, capturing an
ambient image;

subtracting, using a processor, the ambient image from the data image;
and

determining a position of the user input device in a three-dimensional
space using a product of said subtracting.

2. The method of claim 1 further comprising displaying a position of
the user input device.

3. The method of claim 1 wherein capturing a data image and
capturing an ambient image comprise capturing data and ambient images of a
work space.

4, The method of claim 3 wherein the data image and the ambient
image are captured by a camera positioned with a fixed optical geometry to the
work space.

5. The method of claim 1 wherein the data and ambient images are
two-dimensional images.

6. The method of claim 1 wherein:

the signal from the user input device comprises an infrared signal; and

the data image and the ambient image are captured by an infrared

camera.
7. The method of claim 1 wherein the user input device is a stylus.
8. A system comprising:

an image capturing device;

a user input device comprising a retroreflective material comprising a first
retroreflective pattern and a second retroreflective pattern, wherein the first
pattern is different from the second pattern; and
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a processor coupled to the image capturing device and user input device,
the processor comprising instructions for:

capturing a data image with the image capturing device, the data
image comprising a signal from the user input device;

deactivating the signal from the user input device;

after deactivating the signal from the user input device, capturing
an ambient image;

subtracting the ambient image from the data image; and

determining a position of the user input device in a three-
dimensional space using a product of said subtracting.

9. The system of claim 8 wherein the image capturing device
comprises an infrared camera and a depth sensor.

10.  The system of claim 8 wherein the instructions for capturing a data
image and capturing an ambient image comprise instructions for capturing a
data image and an ambient image of a work space.

11.  The system of claim 10 wherein the image capturing device is
positioned with a fixed optical geomeitry relative to the work space.

12.  The system of claim 9 further comprising a projector for displaying
the position of the user input device, wherein optics associated with the
projector are coaxially aligned with optics associated with the image capturing
device.

13.  The system of claim 12 wherein the optics associated with the
projector and the optics associated with the image capturing device have nearly
identical chief ray angles.

14. A non-transitory computer readable medium encoded with
instructions executable by a processor to:

capture a first image, the first image comprising an infrared signal from a
stylus;

deactivate the infrared signal from the stylus;

capture a second image after deactivating the infrared signal from the
stylus;

use a processor to subtract the second image from the first image; and
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determine a position of the stylus in a three-dimensional space.

15.  The non-transitory computer readable medium of claim 14, wherein
the instructions are further executable by the processor to display the position of
the stylus on a display device.
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