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TOUCH REGION PROJECTION ONTO A TOUCH-SENSITIVE SURFACE

BACKGROUND
[0001] Many computing systems include at least one display and at least one input
device. The display may include, for example, a monitor, a screen, or the like. Example
input devices include a mouse, a keyboard, a touchpad, or the like. Some computing
systems include a touch-sensitive display to both display output of the computing system

and receive physical (e.g., touch) input.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The following detailed description references the drawings, wherein:;
[0003] FIG. 1 is a schematic perspective view of an example computing system
comprising a detection engine;
[0004] FIG. 2 is another schematic perspective view of the example computing
system of FIG. 1;
[0005] FIG. 3 is a schematic side view of the example computing system of FIG. 1;
[0006] FIG. 4 is a schematic front view of the example computing system of FIG. 1;
[0007] FIG. 5 is a schematic side view of the example computing system of FIG. 1
during an example operation;
[0008] FIG. 6 is a schematic front view of the example computing system of FIG. 1
during another example operation;
[0009] FIG. 7A is a schematic side view of the example computing system of FIG. 1
illustrating an example of image capturing;
[0010] FIG. 7B is a block diagram of an example of a portion of the computing system
of FIG. 1 comprising the detection engine;
[0011] FIG. 7C is an example image of an object disposed over a touch-sensitive
surface of a computing system;
[0012] FIG. 7D is a block diagram of another example of a portion of the computing
system of FIG. 1 comprising the detection engine;
[0013] FIG. 7E is another example image of an object disposed over a touch-sensitive

surface of a computing system;
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[0014] FIG. 7F is another example image of an object disposed over a touch-sensitive
surface of a computing system;
[0015] FIG. 7G is a schematic front view of a portion of the example computing
system of FIG. 1 with an example image projected onto a touch-sensitive surface of a
computing system;
[0016] FIG. 7H is a schematic front view of a portion of the example computing
system of FIG. 1 with another example image projected onto a touch-sensitive surface
of a computing system;
[0017] FIG. 8A is a block diagram of an example computing device to determine a
target touch region;
[0018] FIG. 8B is a schematic front view of a portion of the example computing
system of FIG. 1 with another example image projected onto a touch-sensitive surface
of a computing system; and
[0019] FIG. 9 is a flowchart of an example method for touch region projection onto a
touch-sensitive surface.

DETAILED DESCRIPTION
[0020] In a computing system utilizing a touch-sensitive input device to detect physical
contact with the device as touch input, it may be difficult to distinguish between physical
contact with the device that is intended as touch input and unintended or accidental
physical contact with the touch-sensitive input device. For example, when utilizing a touch-
sensitive surface capable of detecting touches made by a hand, it may be difficult to
distinguish between physical contact made by the fingertips that is intended as input and
physical contact made by the palm resting on the surface and not intended as input.
[0021] Examples described herein may identify target or non-target touch regions of
a touch-sensitive surface of a computing system based, for example, on an image of
representing an object (e.g., a hand) disposed on or above the touch sensitive surface.
Examples described herein may project onto the touch-sensitive surface a projection
image having projected regions corresponding to the identified target and non-target
touch region(s). In some examples, any input touches located outside of any target
touch regions or inside of any non-target touch region may be rejected by the
computing system as unintentional, and vice versa, any input touches located inside of
any target touch regions or outside of any non-target touch region may be accepted by
the computing system as intentional. In these examples, users may use the visual
indication provided by the projection image to know where on the touch-sensitive

surface their touches would be rejected as unintentional and where the touches would
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be accepted as intentional. Accordingly, the users may exercise extra caution in areas
where their touches will be interpreted as intentional and to exercise less caution in
other areas.

[0022] Referring now to the drawings, FIGS. 1-7A are schematic views of an example
computing system 100 comprising a detection engine 170. In the examples of FIGS. 1-
7A, system 100 may include a support structure 110, a computing device 150, a
projector assembly 184, and a touch-sensitive surface 200. System 100 may also
include a sensor bundle 164 pointed at touch-sensitive surface to capture an image
representing an object disposed between sensor bundle 164 and touch sensitive
surface 200. Computing device 150 may include a detection engine 170 to identify one
or more target touch regions of touch-sensitive surface 200 based on at least one
characteristic of the object, and projector assembly 184 may project onto touch-sensitive
surface 200 an image that includes an indication of the identified target touch region(s).
[0023] Computing device 150 may comprise any suitable computing device
complying with the principles disclosed herein. As used herein, a “computing device”
may comprise an electronic display device, a smartphone, a tablet, a chip set, an all-in-
one computer (e.g., a device comprising a display device that also houses processing
resource(s) of the computer), a desktop computer, a notebook computer, workstation,
server, any other processing device or equipment, or a combination thereof. In this
example, device 150 is an all-in-one computer having a central axis or center line 155,
first or top side 150A, a second or bottom side 150B axially opposite the top side 150A,
a front side 150C extending axially between sides 150A and 150B, a rear side 150D
also extending axially between sides 150A and 150B and generally radially opposite
front side 150C. A display 152 is disposed along front side 150C and defines a viewing
surface of computing system 100 to display images for viewing by a user of system
100. In examples described herein, a display may include components of any
technology suitable for displaying images, video, or the like.

[0024] In some examples, display 152 may be a touch-sensitive display. In
examples described herein, a touch-sensitive display may include, for example, any
suitable technology (e.g., components) for displaying images, video, or the like, and
may include any suitable technology (e.g., components) for detecting physical contact
(e.g., touch input), such as, for example, a resistive, capacitive, surface acoustic wave,
infrared (IR), strain gauge, optical imaging, acoustic pulse recognition, dispersive signal
sensing, or in-cell system, or the like. In examples described herein, display 152 may be

referred to as a touch-sensitive display 152. Device 150 may further include a camera
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154, which may be a web camera, for example. In some examples, camera 154 may
capture images of a user positioned in front of display 152. In some examples, device
150 may also include a microphone or other device to receive sound input (e.g., voice
input from a user).

[0025] In the example of FIGS. 1-7A, support structure 110 includes a base 120, an
upright member 140, and a top 160. Base 120 includes a first or front end 120A, and a
second or rear end 120B. Base 120 may engage with a support surface 15 to support
the weight of at least a portion of the components of system 100 (e.g., member 140,
unit 180, device 150, top 160, etc.). In some examples, base 120 may engage with
support surface 15 in this manner when system 100 is configured for operation. In the
example of FIGS. 1-7A, front end 120A of base 120 includes a raised portion 122 that
may be disposed above and separated from support surface 15 (creating a space or
clearance between portion 122 and surface 15) when base 120 is disposed on support
surface 15 as illustrated in FIG. 2, for example. In such examples, a portion of a side of
Touch-sensitive surface 200 may be disposed in (e.g., received within) the space
formed between portion 122 and surface 15. In such examples, placing a portion of
surface 200 within the space created by portion 122 and surface 15 may assist with the
proper alignment of surface 200. In other examples, other suitable methods or devices
may be used to assist with the alignment of surface 200.

[0026] Upright member 140 includes a first or upper end 140A, a second or lower
end 140B opposite the upper end 140A, a first or front side 140C extending between
the ends 140A and 140B, and a second or rear side 140D opposite the front side 140C
and also extending between the ends 140A and 140B. Lower end 140B of member 140
is coupled to rear end 120B of base 120, such that member 140 extends substantially
upward from support surface 15.

[0027] Top 160 includes a first or proximate end 160A, a second or distal end 160B
opposite the proximate end 160A, a top surface 160C extending between ends 160A
and 160B, and a bottom surface 160D opposite the top surface 160C and also
extending between ends 160A and 160B. Proximate end 160A of top 160 is coupled to
upper end 140A of upright member 140 such that distal end 160B extends outward
from upper end 140A of upright member 140. As such, in the example shown in FIG. 2,
top 160 is supported at end 160A (and not at end 160B), and may be referred to herein
as a cantilevered top. In some examples, base 120, member 140, and top 160 may be
monolithically formed. In other examples, two or more of base 120, member 140, and

top 160 may be formed of separate pieces (i.e., not monolithically formed).
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[0028] Touch-sensitive surface 200 may include a central axis or centerline 205, a
first or front side 200A, and a second or rear side 200B axially opposite the front side
200A. Touch-sensitive surface 200 may comprise any suitable technology for detecting
physical contact with surface 200 as touch input. For example, touch-sensitive surface
200 may comprise any suitable technology for detecting (and in some examples
tracking) one or multiple touch inputs by a user to enable the user to interact, via such
touch input, with software being executed by device 150 or another computing device.
In examples described herein, touch-sensitive surface 200 may be any suitable touch-
sensitive planar (or substantially planar) object, such as a touch-sensitive mat, tabletop,
sheet, etc. In some examples, touch-sensitive surface 200 may be disposed
horizontally (or approximately or substantially horizontally). For example, surface 200
may be disposed on support surface 15, which may be horizontal (or approximately or
substantially horizontal).

[0029] In some examples, all or substantially all of surface 200 may be capable of
detecting touch input as described above. In other examples, less than all of surface 200
may be capable of detecting touch input as described above. For example, surface 200
may comprise a touch-sensitive region 202, extending over less than all of surface 200,
wherein region 202 is capable of detecting touch input as described above. In other
examples, region 202 may extend over substantially all of surface 200 (e.g., may be
substantially coterminous with surface 200). Region 202 may be substantially aligned
with axis 205.

[0030] As described above, surface 200 may be aligned with base 120 of structure
110 to assist with proper alignment of surface 200 (e.g., at least during operation of
system 100). In the example of FIGS. 1-7A, rear side 200B of surface 200 may be
disposed between raised portion 122 of base 120 and support surface 15, such that
rear end 200B is aligned with front side 120A of base 120 to assist with proper overall
alignment of surface 200 (and particularly proper alignment of region 202) with other
components of system 100. In some examples, surface 200 may be aligned with device
150 such that the center line 155 of device 150 is substantially aligned with center line
205 of surface 200. In other examples, surface 200 may be differently aligned with
device 150.

[0031] In some examples, surface 200 and device 150 may be communicatively
connected (e.g., electrically coupled) to one another such that user inputs received by
surface 200 may be communicated to device 150. Surface 200 and device 150 may

communicate with one another via any suitable wired or wireless communication
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technology or mechanism, such as, for example, WI-FI, BLUETOOTH, ultrasonic
technology, electrical cables, electrical leads, electrical conductors, electrical spring-
loaded pogo pins with magnetic holding force, or the like, or a combination thereof. In
the example of FIGS. 1-7A, exposed electrical contacts disposed on rear side 200B of
surface 200 may engage with corresponding electrical pogo-pin leads within portion
122 of base 120 to communicate information (e.g., transfer signals) between device
150 and surface 200 during operation of system 100. In such examples, the electrical
contacts may be held together by adjacent magnets (located in the clearance between
portion 122 of base 120 and surface 15) to magnetically attract and hold (e.g.,
mechanically) a corresponding ferrous and/or magnetic material disposed along rear
side 200B of surface 200.

[0032] Referring to FIG. 3, projector unit 180 comprises an outer housing 182, and a
projector assembly 184 disposed within housing 182. Housing 182 includes a first or
upper end 182A, a second or lower end 182B opposite the upper end 182A, and an
inner cavity 183. In the example of FIG. 3, housing 182 further includes a coupling or
mounting member 186 to engage with and support device 150 (e.g., at least during
operation of system 100). Member 186 may be any suitable mechanism or device for
suspending and supporting any suitable computing device 150 as described herein. For
example, member 186 may comprise a hinge that includes an axis of rotation such that
device 150 may be rotated (e.g., by a user) about the axis of rotation to attain a desired
angle for viewing display 152. In some examples, device 150 may permanently or
semi-permanently attached to housing 182 of unit 180. In some examples, housing 180
and device 150 may be integrally or monolithically formed as a single unit.

[0033] Referring to FIG. 4, in some examples, when device 150 is suspended from
structure 110 via mounting member 186 on housing 182, projector unit 180 (i.e., both
housing 182 and assembly 184) may be substantially hidden behind device 150 when
system 100 is viewed from the front (i.e.., substantially facing display 152 disposed on
front side 150C of device 150). In addition, as shown in FIG. 4, when device 150 is
suspended from structure 110 as described above, projector unit 180 (i.e., both
housing 182 and assembly 184) and any image projected thereby may be substantially
aligned or centered with respect to center line 155 of device 150.

[0034] Referring again to FIG. 3, projector assembly 184 is disposed within cavity
183 of housing 182, and includes a first or upper end 184A, a second or lower end
184B opposite the upper end 184A. Upper end 184A is proximate upper end 182A of

housing 182 while lower end 184B is proximate lower end 182B of housing 182.
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Projector assembly 184 may comprise any suitable digital light projector assembly for
receiving data from a computing device (e.g., device 150) and projecting image(s) (e.g.,
out of upper end 184A) that correspond with that input data. For example, in some
implementations, projector assembly 184 may comprise a digital light processing (DLP)
projector or a liquid crystal on silicon (LCoS) projector which are advantageously
compact and power efficient projection engines capable of multiple display resolutions
and sizes, such as, for example, standard XGA resolution (1024 x 768 pixels) with a
4:3 aspect ratio, or standard WXGA resolution (1280 x 800 pixels) with a 16:10 aspect
ratio. Projector assembly 184 is further communicatively connected (e.g., electrically
coupled) to device 150 in order to receive data therefrom and to produce (e.g., project)
light and image(s) from end 184A based on the received data. Projector assembly 184
may be communicatively connected to device 150 via any suitable type of electrical
coupling, for example, or any other suitable communication technology or mechanism
described herein. In some examples, assembly 184 may be communicatively
connected to device 150 via electrical conductor(s), WI-FI, BLUETOOTH, an optical
connection, an ultrasonic connection, or a combination thereof. In the example of FIGS.
1-7A, device 150 is communicatively connected to assembly 184 through electrical
leads or conductors (e.g., as described above in relation to surface 200 and base 120)
disposed within mounting member 186 such that, when device 150 is suspended from
structure 110 through member 186, the electrical leads disposed within member 186
contact corresponding leads or conductors disposed on device 150.

[0035] Referring still to FIG. 3, top 160 further includes a fold mirror 162 and a
sensor bundle 164. Mirror 162 includes a highly reflective surface 162A that is disposed
along bottom surface 160D of top 160 and is positioned to reflect light, image(s), etc.,
projected from upper end 184A of projector assembly 184 toward surface 200 during
operation. Mirror 162 may comprise any suitable type of mirror or reflective surface. In
the example of FIGS. 1-7A, fold mirror 162 may comprise a standard front surface
vacuum metalized aluminum coated glass mirror that acts to fold light emitted from
assembly 184 down to surface 200. In other examples, mirror 162 may have a complex
aspherical curvature to act as a reflective lens element to provide additional focusing
power or optical correction.

[0036] Sensor bundle 164 includes at least one sensor (e.g., camera, or other type
of sensor) to detect, measure, or otherwise acquire data based on the state of (e.g.,
activities occurring in) a region between sensor bundle 164 and surface 200. The state

of the region between sensor bundle 164 and surface 200 may include object(s) on
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and/or over surface 200, or activities occurring on and/or near surface 200. In the
example of FIG. 3, bundle 164 includes an RGB camera (or image sensor) 164A, an IR
camera (or IR sensor) 164B, a depth camera (or depth sensor) 164C, and an ambient
light sensor 164D. In examples described herein, a camera may be referred to as a
“sensor”.

[0037] In some examples, RGB camera 164A may be a camera to capture color
images (e.g., at least one of still images and video). In some examples, RGB camera
164A may be a camera to capture images according to the RGB color model, which
may be referred to herein as “RGB images”. It is appreciated, however, that in other
examples, RGB camera 164A may be a camera to capture image according to other
color models, such as YUV, YCbCr, RAW, and so forth. In some examples, RGB
camera 164A may capture images with relatively high resolution, such as a resolution
on the order of multiple megapixels (MPs), for example. As an example, RGB camera
164A may capture color (e.g., RGB) images with a resolution of 14 MPs. In other
examples, RBG camera 164A may capture images with a different resolution. In some
examples, RGB camera 164A may be pointed toward surface 200 and may capture
image(s) of surface 200, object(s) disposed between surface 200 and RGB camera
164A (e.g., on or above surface 200), or a combination thereof.

[0038] IR camera 164B may be a camera to detect intensity of IR light at a plurality
of points in the field of view of the camera 164B. In examples described herein, IR
camera 164B may operate in conjunction with an IR light projector 166 (see FIG. 7A) of
system 100 to capture IR images. In such examples, each IR image may comprise a
plurality of pixels each representing an intensity of IR light detected at a point
represented by the pixel. In some examples, top 160 of system 100 may include an IR
light projector 166 (see FIG. 7A) to project IR light 167 toward surface 200 and IR
camera 164B may be pointed toward surface 200. In such examples, IR camera 164B
may detect the intensity of IR light reflected by surface 200, object(s) disposed between
surface 200 and IR camera 164B (e.g., on or above surface 200), or a combination
thereof. In some examples, IR camera 164B may exclusively detect IR light 167
projected by IR light projector 166 (e.g., as reflected from surface 200, object(s), etc., or
received directly).

[0039] Depth camera 164C may be a camera (sensor(s), etc.) to detect the
respective distance(s) (or depth(s)) of portions of object(s) in the field of view of depth
camera 164C. As used herein, the data detected by a depth camera may be referred to

herein as “distance” or “depth” data. In examples described herein, depth camera 164C
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may capture a multi-pixel depth image (e.g., a depth map), wherein the data of each
pixel represents the distance or depth (measured from camera 164C) of a portion of an
object at a point represented by the pixel. Depth camera 164C may be implemented
using any suitable technology, such as stereovision camera(s), a single IR camera
sensor with a uniform flood of IR light, a dual IR camera sensor with a uniform flood of
IR light, structured light depth sensor technology, time-of-flight (TOF) depth sensor
technology, or a combination thereof. In some examples, depth sensor 164C may
indicate when an object (e.g., a three-dimensional object) is on surface 200. In some
examples, depth sensor 164C may detect at least one of the presence, shape,
contours, motion, and the respective distance(s) of an object (or portions thereof)
placed on surface 200.

[0040] Ambient light sensor 164D may be arranged to measure the intensity of light
in the environment surrounding system 100. In some examples, system 100 may use
the measurements of sensor 164D to adjust other components of system 100, such as,
for example, exposure settings of sensors or cameras of system 100 (e.g., cameras
164A-164C), the intensity of the light emitted from light sources of system 100 (e.g.,
projector assembly 184, display 152, etc.), or the like.

[0041] In some examples, sensor bundle 164 may omit at least one of sensors
164A-164D. In other examples, sensor bundle 164 may comprise other camera(s),
sensor(s), or the like in addition to sensors 164A-164D, or in lieu of at least one of
sensors 164A-164D. For example, sensor bundle 164 may include a user interface
sensor comprising any suitable device(s) (e.g., sensor(s), camera(s)) for tracking a user
input device such as, for example, a hand, stylus, pointing device, etc. In some
examples, the user interface sensor may include a pair of cameras which are arranged
to stereoscopically track the location of a user input device (e.g., a stylus) as it is
moved by a user about the surface 200 (e.g., about region 202 of surface 200). In other
examples, the user interface sensor may additionally or alternatively include IR
camera(s) or sensor(s) arranged to detect infrared light that is either emitted or
reflected by a user input device. In some examples, sensor bundle 164 may include a
gesture camera to detect the performance of predefined gestures by object(s) (e.g.,
hands, etc.). In some examples, the gesture camera may comprise a depth camera
and additional functionality to detect, track, etc., different types of motion over time.
[0042] In examples described herein, each of sensors 164A-164D of bundle 164 is
communicatively connected (e.g., coupled) to device 150 such that data generated

within bundle 164 (e.g., images captured by the cameras) may be provided to device
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150, and device 150 may provide commands to the sensor(s) and camera(s) of sensor
bundle 164. Sensors 164A-164D of bundle 164 may be communicatively connected to
device 150 via any suitable wired or wireless communication technology or mechanism,
examples of which are described above. In the example of FIGS. 1-7A, electrical
conductors may be routed from bundle 164, through top 160, upright member 140, and
projector unit 180 and into device 150 through leads that are disposed within mounting
member 186 (as described above).

[0043] Referring to FIGS. 5 and 6, during operation of system 100, projector
assembly 184 may project visible light 187 to reflect off of mirror 162 towards surface
200 to thereby display visible image(s) on a projector display space 188 of surface 200.
In the example of FIGS. 5-6, space 188 may be substantially rectangular, having a
length 188L and a width 188W. In some examples, length 188L may be approximately
16 inches, while width 188W may be approximately 12 inches. In other examples,
length 188L and width 188W may have different values.

[0044] In some examples, cameras of sensor bundle 164 (e.g., cameras 164A-
164C) are arranged within system 100 such that the field of view of each of the
cameras includes a space 168 of surface 200 that may overlap with some or all of
display space 188, or may be coterminous with display space 188. In examples
described herein, the field of view of the cameras of sensor bundle 164 (e.g., cameras
164A-164C) may be said to include space 168, though at times surface 200 may be at
least partially occluded by object(s) on or over surface 200. In such examples, the
object(s) on or over surface 200 may be in the field of view of at least one of cameras
164A-164C. In such examples, sensors of sensor bundle 164 may acquire data based
on the state of (e.g., activities occurring in, object(s) disposed in) a region between
sensor bundle 164 and space 168 of surface 200. In some examples, both space 188
and space 168 coincide or correspond with region 202 of surface 200 such that
functionalities of touch-sensitive region 202, projector assembly 184, and sensor
bundle 164 are all performed in relation to the same defined area. A field of view 165 of
the cameras of sensor bundle 164 (e.g., cameras 164A-164C) is schematically
illustrated in FIG. 7A. In some examples, each of the cameras of sensor bundle 164
(e.g., cameras 164A-164C) may have a slightly different field of view.

[0045] Referring now to FIGS. 5-7A, device 150 may direct projector assembly 184
to project image(s) onto surface 200 (e.g., onto region 202). Device 150 may also
display image(s) on display 152 (which may be the same as or different than the

image(s) projected onto region 202 by projector assembly 184). The image(s) projected
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by assembly 184 may comprise information and/or images produced by software being
executed by device 150. In some examples, a user may interact with the image(s)
projected on surface 200 and displayed on display 152 by physically engaging touch-
sensitive surface 200 in any suitable manner, such as with user's hand 35 (e.g., via
touches, taps, gestures, or other touch input), with a stylus 25, or via any other suitable
user input device(s). As described above, touch-sensitive surface 200 may detect such
interaction via physical engagement with surface 200. Also, in some examples,
projector assembly 184 may also project image(s) (at least partially) on objects
disposed over surface 200 (e.g., hand 35, as shown in FIG. 5).

[0046] As an example, when a user interacts with touch-sensitive surface 200 via
physical contact (e.g., with a hand 35, as shown in FIG. 7A), surface 200 may generate
touch input information and provide it to device 150 through any suitable connection
(examples of which are described above). In some examples, the OS may pass the
received touch input to another application (e.g., program, etc.) executing on device
150. In response, the executing OS or application may alter image(s) projected by
projector assembly 184, image(s) displayed on display 152, or a combination thereof.
As used herein, an “application”, “computer application”, or “service” is a collection of
machine-readable instructions that are executable by a processing resource. In some
examples, a user may similarly interact with image(s) displayed on display 152 (which
may be a touch-sensitive display), or any other input device of device 150 (e.g., a
keyboard, mouse, etc.).

[0047] In some examples, sensors (e.g., cameras) of sensor bundle 164 may also
generate system input which may be provided to device 150 for further processing. For
example, system 100 may utilize camera(s) of bundle 164 to detect at least one of the
presence and location of a user’'s hand 35 (or a stylus 25, as shown in FIG. 5), and
provide system input information representing the detected information to device 150.
The provided system input information may be passed to at least one of an OS and
application being executed by device 150, and may alter image(s) displayed by system
100, as described above in relation to touch input. For example, bundle 164 may
include a pair of cameras or sensors that are arranged to perform stereoscopic stylus
tracking (e.g., of stylus 25). In other examples, stylus 25 includes a tip 26 coated with
an infrared retro-reflective coating (e.g., paint) such that tip 26 may serve as an infrared
retro-reflector. In such examples, bundle 164 may include IR camera(s) (or sensor(s)),
as described above, which detect IR light that is reflected off tip 26 to enable device

150 to track the location of tip 26 as it moves across region 202. In some examples,
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surface 200 (with image(s) projected on it by assembly 184) may serve as a second or
alternative touch-sensitive display within system 100. In addition, detection of
interaction with image(s) displayed on surface 200 may be enhanced through use of
sensors of sensor bundle 164 as described above.

[0048] In some examples, system 100 may capture two-dimensional (2D) image(s)
or create a three-dimensional (3D) scan of a physical object such that an image of the
object may then be projected onto surface 200 for further use and manipulation thereof.
For example, as shown in FIG. 6, an object 40 may be placed on surface 200 such that
sensors of bundle 164 (e.g., at least one of cameras 164A-164C) may detect at least
one of the location, dimensions, and color of object 40, to enhance the 2D image(s) or
create the 3D scan thereof. In such examples, the information gathered by the sensors
of bundle 164 may be provided to device 150 (e.g., an OS, application, service, etc., of
device 150), as described above. In some examples, after receiving the information,
device 150 (e.g., the OS, application, service, etc.) may direct projector assembly 184
to project an image of object 40 onto surface 200. Object 40 may be, for example, a
smartphone, a book, a document, a photo, or any other physical object. In some
examples, once object(s) are scanned by sensors of bundle 164, the background of the
image representing the object may be removed (e.g., via a segmentation process as
described below), and the resulting image of the foreground object may be projected
onto surface 200 (or shown on display 152). In such examples, images of physical
objects (e.g., an object 40) may be captured, processed, and displayed on surface 200
to quickly and easily create a digital version of the physical object to allow for further
manipulation thereof.

[0049] FIG. 7B is a block diagram of a portion of computing system 100 of FIG. 1
comprising detection engine 170. In particular, FIG. 7B illustrates an example of
computing device 150 that comprises detection engine 170 and is communicatively
connected to at least one camera (e.g., camera 164A) of sensor bundle 164 (as described
above) and projector assembly 184, as described above. Although not shown in FIG. 7B,
computing device 150 may also be communicatively connected to other components of
system 100, as described above.

[0050] Computing device 150 (or any other computing device implementing detection
engine 170) may include at least one processing resource. In examples described herein,
a processing resource may include, for example, one processor or multiple processors
included in a single computing device or distributed across multiple computing devices. As

used herein, a “processor’” may be at least one of a central processing unit (CPU), a
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semiconductor-based microprocessor, a graphics processing unit (GPU), a field-
programmable gate array (FPGA) configured to retrieve and execute instructions, other
electronic circuitry suitable for the retrieval and execution instructions stored on a
machine-readable storage medium, or a combination thereof.

[0051] As noted above, in the example of FIG. 7B, computing device 150 comprises
detection engine 170. In other examples, detection engine 170 may comprise additional
engine(s). In the example of FIG. 7D, for example, detection engine 170 comprises a
segmentation engine 172, an identification engine 174, and a projection engine 176. In
some examples, engine 170 may include additional engine(s), such as a rejection engine,
further discussed below. In examples described herein, any engine(s) of computing device
150 (e.qg., engines 170, 172, 174, 176, etc.) may be any combination of hardware and
programming to implement the functionalities of the respective engine. Such combinations
of hardware and programming may be implemented in a number of different ways. For
example, the programming may be processor executable instructions stored on a non-
transitory machine-readable storage medium and the hardware may include a processing
resource to execute those instructions. In such examples, the machine-readable storage
medium may store instructions that, when executed by the processing resource,
implement the engines. The machine-readable storage medium storing the instructions
may be integrated in the same computing device (e.g., device 150) as the processing
resource to execute the instructions, or the machine-readable storage medium may be
separate from but accessible to the computing device and the processing resource. The
processing resource may comprise one processor or multiple processors included in a
single computing device or distributed across multiple computing devices.

[0052] In some examples, the instructions can be part of an installation package that,
when installed, can be executed by the processing resource to implement the engines of
system 100. In such examples, the machine-readable storage medium may be a portable
medium, such as a compact disc, DVD, or flash drive, or a memory maintained by a
server from which the installation package can be downloaded and installed. In other
examples, the instructions may be part of an application or applications already installed
on a computing device including the processing resource (e.g., device 150). In such
examples, the machine-readable storage medium may include memory such as a hard
drive, solid state drive, or the like.

[0053] As used herein, a “machine-readable storage medium” may be any electronic,
magnetic, optical, or other physical storage apparatus to contain or store information such

as executable instructions, data, and the like. For example, any machine-readable storage
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medium described herein may be any of a storage drive (e.g., a hard drive), flash
memory, Random Access Memory (RAM), any type of storage disc (e.g., a compact disc,
a DVD, etc.), and the like, or a combination thereof. Further, any machine-readable
storage medium described herein may be non-transitory.

[0054] Examples of detection engine 170 are described below in relation to FIGS. 7A-
7F. As described above, computing system 100 may comprise sensor bundle 164
including at least one camera 164A pointed at touch-sensitive surface 200. In the
example of FIG. 7B, computing device 100 includes camera 164A (e.g., RGB camera
164A) pointed at surface 200 (as shown in FIG. 7A). Camera 164A may capture an
image 700 representing object 35 (e.g., a hand) disposed between camera 164A and
touch-sensitive surface 200. An example image 700 is illustrated in FIG. 7C, in which
image 700 includes an object representation 710, which may be a portion of image 700
representing object 35, and a background representation 715, which may be a portion
of image 700 representing surface 200. Although FIG. 7C illustrates an example image
700 captured while hand 35 is open, in other examples camera 164A may capture an
image of hand 35 held in any other manner (e.g., while pointing a finger, as shown in
FIG. 7A).

[0055] Inthe example of FIGS. 7A-7C, detection engine 170 may identify at least one
target touch region of the touch-sensitive surface. As used herein, a “target touch
region” of a touch-sensitive surface of a computing system may be a region including
less than all of the surface and from which the computing system may accept touch
input detected by the surface. In examples described herein, detection engine 170 may
identify target touch regions based on at least one characteristic (e.g., location, position,
orientation, shape, etc.) of the object represented in at least one image captured by at
least one camera pointed at surface 200, such as camera 164A. For example, engine
170 may identify a region of touch-sensitive surface 200 that, based on an image of an
object disposed over surface 200, is in close proximity to a portion of the object
associated with intended touch input. For example, when the object is a hand, the
fingertips of the hand may be considered portions of the object associated with
intended touch input. In some examples, a region in close proximity to a portion of an
object associated with intended touch input may be defined to include locations within a
threshold distance of the detected position of the portion of the object itself. For
example, where the target touch region is based on a fingertip, the target touch region
may be identified as a circle with a radius of 5mm centered on the fingertip, or the like. In

other examples, the region may be a different size, shape, or the like.
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[0056] As an example, referring to image 700 of FIG. 7C, the object 35 represented
in the image may be a hand 35 (represented by object representation 710). In such
examples, engine 170 may identify, as a target touch region 720, a region of surface
200 that is in close proximity to a forefinger of hand 35, which may be associated with
intended touch input. In such examples, the target touch region identified by engine
170 may exclude other regions of surface 200 that are in close proximity (e.g., directly
beneath) other portions of the object 35 that are not associated with intended touch
input. For example, the target touch region 720 associated with the forefinger may
exclude the region of surface 200 in close proximity to the palm of hand 35 (e.g., a non-
target touch region 725 of FIG. 7C), as the palm may be associated with unintended
(e.g., accidental) touch input. In some examples, engine 170 may identify a plurality of
target touch regions of surface 200. For example, as shown in FIG. 7C, engine 170 may
identify a plurality of target touch regions 720, each being a region of surface 200 in
close proximity to (e.g., within a relatively small threshold distance of) a tip of a
respective finger of hand 35 (e.g., including the thumb).

[0057] In some examples, any region of surface 200 that is not within a target touch
region identified by engine 170 may be considered a non-target touch region. In some
examples, surface 200 may include one or more target touch regions, one or more non-
target touch regions, other types of touch regions, as well as regions that do not belong
to any significant types of regions, such as the background. For example, as illustrated
in FIG. 7C, surface 200 includes a non-target touch region 725 that includes locations
of surface 200 in close proximity (e.g., directly beneath) the palm of hand 35. Although
an example non-target touch region 725 is shown in FIG. 7C, in some examples, the
non-target touch region may include region 725 as well as all other areas of surface
200 not contained in at least one of target touch regions 720. In examples described
herein, each target touch region of surface 200 identified by engine 170 may be smaller
than the full area of surface 200. In the example of FIG. 7C, each identified target touch
region 720 includes a respective region of touch-sensitive surface 200 over which a
respective fingertip of hand 35 is disposed and excludes another region of surface 200
over which a palm of hand 35 is disposed (e.g., a region 725).

[0058] FIG. 7D is a block diagram of another example of a portion of computing
system 100. In the example of FIG. 7D, system 100 comprises computing device 150
including detection engine 170 and communicatively connected to projector assembly
184, as described above in relation to FIG. 7B. In the example of FIG. 7D, computing

device 150 may also be communicatively connected to cameras 164A-164C of sensor

15



WO 2016/018393 PCT/US2014/049248

bundle 164, and detection engine 170 may comprise engines 172, 174, and 176.

[0059] As described above in relation to FIGS. 7A-7C, at least one camera of bundle
164, pointed at surface 200, may capture image(s) representing an object disposed
between the camera(s) and surface 200. In the example of FIG. 7D, segmentation
engine 172 may identify a segmentation boundary at least partially representing an
outer edge of object 35 based on the captured image(s). In such examples,
identification engine 174 of engine 170 may identify at least one target touch region of
surface 200 based on characteristic(s) of object 35 corresponding to the segmentation
boundary, such as, for example, the shape, orientation, position(s), location(s), etc., of
object 35 or portions thereof. For example, in examples in which object 35 is a hand, the
characteristics utilized by engine 174 to identify target touch region(s) may include
fingertip location(s), palm location(s), etc.

[0060] In some examples, segmentation engine 172 may perform a process on a
captured image to extract an image of at least one foreground object represented in the
captured image. This process may be referred to herein as “segmentation”. In some
examples, the result of such a segmentation process may be an image of the foreground
object separated from at least a background represented in the captured image. In some
examples, a segmentation process may comprise determining a segmentation boundary
for an object represented in a captured image. As used herein, a “segmentation boundary”
for an object represented in an image may be information representing an estimate of
which portion(s) of the image represent the object and which portion(s) of the image
represent features other than the object (e.g., a background). In some examples, a
segmentation boundary for an object represented in an image may include information
representing at least one outer edge of the object as represented in the image. When
performing a segmentation process, a computing system may use the segmentation
boundary to extract an image of the object from a larger captured image (e.g., also
representing portions of a background).

[0061] In some examples, segmentation engine 172 may determine a segmentation
boundary based on an image captured with a camera of sensor bundle 164. For
example, engine 172 may determine a segmentation boundary for object 35 based on
image 700 captured with camera 164A. In some examples, computing device 150 may
use the determined segmentation boundary to extract an image of object 35 from
captured image 700 representing more than object 35. The resulting segmented image
may be the portion of image 700 representing object 35 (e.g., representation 710) with the

portions of image 700 representing other feature(s) (e.g., background representation 715)
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subtracted out. In such examples, the resulting segmented image may correspond to
object representation 710. In examples described herein, a segmentation boundary may
be represented in any suitable form, format, data structure, or the like. For example, a
segmentation boundary may be represented as a binary mask indicating, for each pixel of
at least one corresponding image (e.g., image 700), whether the pixel represents a portion
of the object or not. As an example, engine 172 may run a gradient filter over captured
image 700 to detect portions of the image having relatively high gradient magnitudes to
estimate at least the edge(s) of object 35.

[0062] In some examples, identification engine 174 of engine 170 may identify at
least one target touch region of surface 200 based on characteristics of object 35
corresponding to the segmentation boundary, such as, for example, shape, orientation,
position(s), location(s), etc., of object 35 or portions thereof. In examples described herein,
an object “corresponding to” a segmentation boundary may be the object whose outer
edge(s) are represented by the segmentation boundary.

[0063] In examples in which the object corresponding to the segmentation boundary is
a hand, identification engine 174 may identify target touch region(s) in close proximity to
respective fingertip(s) of the hand, as described above. In such examples, engine 174
may extract a skeletal model of the hand based on the portion of the captured image
representing the hand (e.g., the portion of the image corresponding to and extracted
based on the determined segmentation boundary). In such examples, engine 174 may
extract the skeletal model of the hand using, for example, a heuristic-based approach, a
medial axis transform (MAT), a mesh contraction, a tree-structure extraction algorithm,
extraction of a Euclidian skeleton based on a connectivity criterion, or any other suitable
technique. Engine 174 may use the extracted skeletal model to determine the location(s)
of the fingertips relative to the touch-sensitive surface 200 and identify respective
region(s), each within a relatively small threshold distance of one of the fingertips, as
target touch region(s) of surface 200 (see, e.g., regions 720 of FIG. 7C). In examples
described herein, detection engine 170 may correlate areas of image(s) captured by
camera(s) of sensor bundle 164 to locations of surface 200 such that target touch
region(s) of surface 200 may be identified based on image(s) captured by the camera(s).
[0064] In other examples, in which the object is not a hand, identification engine 174
may identify target touch region(s) differently. For example, the object may be a stylus 25
having a tip 26, as shown in FIG. 5. In such examples, a camera of sensor bundle 164
may capture an image 702 (see FIG. 7E) representing the stylus 25 disposed between the

camera and surface 200. In such examples, image 702 may include an object

17



WO 2016/018393 PCT/US2014/049248

representation 712 (representing stylus 25) and a background representation 714
(representing surface 200 and a hand holding the stylus). In such examples, engine 172
may segment at least a portion of object representation 712 from image 702 and engine
174 may identify a target touch region 730 of surface 200 including locations in close
proximity to (e.g., within a threshold distance of) the location of tip 26. In such examples,
all other regions of surface 200 may be considered non-target touch regions, including, for
example, a non-target touch region 735 of surface 200 over which a palm of the hand
holding stylus 25 is disposed.

[0065] In still other examples, identification engine 174 may identify non-target touch
region(s) based on characteristic(s) of an object in an image captured by a camera of
sensor bundle 164. For example, a physical object 40 may be placed on surface 200, as
shown in FIG. 6. In such examples, a camera of sensor bundle 164 may capture an image
704 (see FIG. 7F) representing the object 40 disposed between the camera and surface
200. In such examples, image 704 may include an object representation 716
(representing object 40) and a background representation 718 (representing surface 200).
In such examples, engine 172 may segment object representation 716 from image 704
and engine 174 may identify a non-target touch region 745 of surface 200 including
locations including and closely surrounding (e.g., within a threshold distance of) location(s)
of object 40 relative to surface 200. In such examples, locations closely surrounding object
40 may be identified as a non-target touch region 745.

[0066] As described above, computing system 100 may comprise a plurality of
different types of cameras in sensor bundle 164. In some examples, computing system
100 may utilize the cameras of different types to capture a plurality of images, each
representing an object disposed between touch-sensitive surface 200 and the
respective camera used to capture the image. In some examples, each of the plurality
of cameras may be a different one of an RGB camera 164A, an IR camera 164B, a
depth camera 164C, and gesture camera, as described above.

[0067] For example, as shown in FIG. 7D, computing system 100 may comprise
computing device 150 communicatively connected to each of RGB camera 164A, IR
camera 164B, depth camera 164C, and touch-sensitive surface 200. In such examples,
each of cameras 164A-164C may be pointed at surface 200 and may capture a
respective image representing an object disposed between the respective camera and
surface 200.

[0068] In such examples, segmentation engine 172 may identify the segmentation

boundary for the object based on each of the plurality of images. In some examples,
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cameras 164A-164C may be at different physical locations. As such, cameras 164A-164C
may capture respective images of the same scene (e.g., viewing surface 200 from above)
from slightly different angles. In such examples, detection engine 170 may geometrically
align the respective images of the object captured by cameras 164A-164C. For example,
detection engine 170 may construct at least one homography (or other mapping(s)) for the
pixels of cameras 164A-164C such that pixels corresponding to the same image features
(e.g., object 35) may be identified in each of the images. The homography or other
mapping may be determined in any suitable manner. In some examples, detection engine
170 may map the pixels of each of the images to a common set of coordinates to
geometrically align the images. In some examples, the engine 170 may also map
locations of surface 200 to the common set of coordinates, or otherwise correlate
locations of surface 200 to the pixels of the captured images. In some examples, engine
170 may perform such geometric alignment prior to performing other functionalities of a
segmentation process.

[0069] In some examples, segmentation engine 172 may determine the segmentation
boundary for the object represented in the image as described above, but based on the
data in each of the captured images, rather than the data of one image, as described
above. Engine 172 may utilize the data of each of the images together in any suitable
manner to determine the segmentation boundary. For example, engine 172 may run a
gradient filter over the data of each of the captured images to detect relatively high
gradient magnitudes to estimate the locations of edge(s) of the object. For example,
engine 172 may estimate that a given location (e.g., of the common coordinates)
represents an edge of the object if the data from any of the images suggests (or
otherwise indicates) the presence of an edge. In other examples, engine 172 may not
estimate that a given location represents an edge of the object unless more than one
(or all) of the images suggest (or otherwise indicate) the presence of an edge. In some
examples, engine 172 may additionally or alternatively utilize various heuristic(s),
rule(s), or the like, for estimating the presence of edges of an object based on the data
of each of the captured images. In some examples, engine 172 may apply different
weights to the data of the different images and may identify edge locations (and thus a
segmentation boundary) based on the weighted data from each of the captured
images. Additionally, in some examples, engine 172 may determine the segmentation
boundary for the object after surface 200 detects a touch input. In such examples,
engine 172 may determine the segmentation boundary based on portions of each of

the images that correspond to a region of surface 200 in the vicinity of the detected
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touch input and that includes less than all of surface 200.

[0070] In some examples, it may be difficult to accurately determine a segmentation
boundary for an object based on an image captured by a single camera, as certain
conditions may make it difficult to accurately distinguish the foreground object from the
background in the image. For example, it may be difficult to accurately determine a
segmentation boundary based on an image captured by a color camera (e.g., an RGB
camera) in the presence of shadows, or when the foreground object and the background
are very similar in color. By using multiple images from cameras of different types,
examples described herein may more accurately determine a segmentation boundary,
as conditions affecting segmentation performed on images from one type of camera
may not affect segmentation on images from camera of a different type. For example,
an image captured by an IR camera may not be affected by either shadows or color
similarity.

[0071] After identification engine 174 identifies one or more target touch region
and/or one or more non-target touch regions, projection engine 176 may be configured
to generate and provide to projector assembly 184 a projection image 190 to be
projected onto touch-sensitive surface 200. In some examples, projection image 190
may visually indicate the identified target touch regions and/or non-target touch regions
(hereinafter, collectively referred to as “touch regions”) on touch-sensitive surface 200.
For example, in some implementations, projection image 190 may include one or more
projected regions corresponding (e.g., spatially) to the one or more respective touch
regions of surface 200 identified by identification engine 174. In some implementations,
each projected region of projection image 190 may correspond to the corresponding
touch region in terms of shape, size, orientation, location, position, and other spatial
characteristics. Thus, in some examples, each projected region may coincide with the
corresponding touch region such that the projected region overlays the corresponding
touch region, covering the corresponding touch region entirely or substantially entirely
(e.g., more than 90% of the touch region’s area) and covering no additional areas or
substantially no additional areas (e.g., not more than 10% of the touch region’s area).
In some examples, a projected region may include the corresponding touch region and
an additional boundary of a predefined thickness around the corresponding touch
region. In yet other examples, a projected region may be smaller than the
corresponding touch region (e.g., by a predefined percentage) and it may be included
in the corresponding touch region.

[0072] In some implementations, a projected region of projection image 190 may
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have distinct visual characteristics, such as a background color, average brightness
level, pattern, symbol(s), and any combination of these or other visual characteristics.
Due to distinct visual characteristics, a projected region may stand out and be visually
distinguishable from its surrounding area(s) and other areas. Thus, a projected region
may highlight the corresponding underlying touch region of touch-sensitive surface 200,
thereby providing an indication to the user that the corresponding underlying region of
touch-sensitive surface 200 is a target touch region, a non-target touch region, or an
otherwise significant region. In some implementations, all projected regions may have
the same visual characteristics. In other implementations, different types of projected
regions may have different visual characteristics. For example, all non-target touch
regions may be represented in projection image 190 by regions having a first
combination of color, brightness, pattern, etc., and all target touch regions may be
represented in the projection image 190 by regions having a second combination of
color, brightness, pattern, etc.

[0073] In some implementations, only one type of touch regions (e.g., only target
touch regions or only non-target touch regions) may be represented by projected
regions in projection image 190, while other types of touch regions may not be
represented in projection image 190.

[0074] In some implementations, in order to make a projected region stand out and
be visually distinct from its surrounding area, projection image 190 may include a
background having distinct visual characteristics (e.g., color, average brightness level,
pattern, symbol(s), etc.), in which case the projected region may not have distinct visual
characteristics but may still stand out from the background.

[0075] In some implementations, a projected region may have a boundary line at its
boundary, which may be, for example, a solid line or a dashed line. It will be
appreciated, however, that the region’s boundary may be visible on projection image
190 even if the boundary is not delineated by a special boundary line, at least due to
the projected region’s distinct visual characteristics relative to its surrounding area.
[0076] FIG. 7G illustrates an example projection image 190 being projected by
projector assembly 184 onto touch-sensitive region 202 of touch-sensitive surface 200.
In this example, projection image 190 includes a projected region 736 corresponding to
non-target touch region 735 depicted in FIG. 7E, and a projected region 731
corresponding to target touch region 730 depicted in FIG. 7E. In this example,
projected region 736 is characterized by a solid gray background color and a dashed

boundary line, and projected region 731 is characterized by a dotted background and a
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solid boundary line.

[0077] FIG. 7H illustrates another example of projection image 190. In this example,
projection image 190 includes projected regions 721 corresponding to target touch
region 720 depicted in FIG. 7C, and a projected region 726 corresponding to non-target
touch region 725 depicted in FIG. 7C. In this example, projected regions 721 are
characterized by a solid dark-gray background color and a dashed black boundary line,
and projected region 731 is characterized by a solid white background and no
boundary line. In this example, projection image 190 also includes a medium-gray
background, which makes otherwise undistinctive projected region 726 stand out and
be visually distinct from its surroundings.

[0078] As illustrated in FIGS. 7G and 7H, in some implementations, a projected
region may be projected at least partially on an object (e.g., hand 35, object 40, stylus
25, etc.) and at least partially on an area surrounding the object. In some
implementations (not shown), projection engine 176 may generate exclude from the
projected region(s) any portions that would be projected on the object. In some
implementations, features and functionalities described herein in relation to FIGS. 1-7H
may be provided in combination with features and functionalities described herein in
relation to any of FIGS. 8-10.

[0079] In some implementations, computing device 150 may also use the identified
target touch regions and non-target touch regions to accept and reject touch inputs from
touch-sensitive surface 200. For example, computing device 150 may include a rejection
engine that may reject a detected touch input in response to a determination that the
location of the detected touch input is not within any of the identified target touch
regions or is within any of the identified non-target touch regions of touch-sensitive
surface 200. Additionally or alternatively, the rejection engine that may accept a
detected touch input in response to a determination that the location of the detected
touch input is within any of the identified target touch regions or is not within any of the
identified non-target touch regions of touch-sensitive surface 200. In some examples, to
accept or reject a given touch input, the rejection engine may pass or not pass,
respectively, the given touch input (i.e., information describing the given touch input) to
a touch input processing function of computing device 150, which may be included in
an OS or other application being executed by computing device 150, such that the
given touch input may have an effect on application(s), service(s), and/or other
aspect(s) of computing system 100 outside of rejection engine 170. Thus, in some

examples, by projecting projection image on touch-sensitive surface 200 as described
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above, computing system 100 may provide the user with a visual indication of one or
more regions from which touch inputs would be rejected and one or more regions from
which touch inputs would be accepted.

[0080] FIG. 8A is a block diagram of another example computing device 150. In the
example of FIG. 8A, computing device 150 is communicatively connected to projector
assembly 184 and cameras 164A-164C, as described above. Each of cameras 164A-
164C may be disposed above and pointed at surface 200. Computing device 150 may
further include a processing resource 310 and a machine-readable storage medium 320
comprising (e.g., encoded with) instructions 322-325. In some examples, storage medium
320 may include additional instructions. In other examples, instructions 322-325 and any
other instructions described herein in relation to storage medium 320, may be stored on a
machine-readable storage medium remote from but accessible to computing device 150
and processing resource 310. Processing resource 310 may fetch, decode, and execute
instructions stored on storage medium 320 to implement the functionalities described
below. In other examples, the functionalities of any of the instructions of storage medium
320 may be implemented in the form of electronic circuitry, in the form of executable
instructions encoded on a machine-readable storage medium, or a combination thereof.
Machine-readable storage medium 320 may be a non-transitory machine-readable
storage medium.

[0081] In the example of FIG. 8A, instructions 322 may acquire, from at least one of
cameras 164A-164C, at least one image representing an object disposed between the
camera and surface 200. Instructions 323 may identify a current touch input scenario for
computing system 100 among a plurality of different touch input scenarios for
computing system 100. As used herein, a “touch input scenario” is a mode for providing
touch input to a computing system via a touch-sensitive surface of the computing
system. In examples described herein, touch input scenarios are different if a computing
system is to handle touch input differently for each of the touch input scenarios (which
may also be referred to herein as “distinct” touch input scenarios). In some examples, the
plurality of different touch input scenarios for computing system 100 may include, for
example, a hand input scenario, a stylus input scenario, an object input scenario, and a
finger input scenario, as described below.

[0082] Instructions 324 may identify at least one target touch region of surface 200
based on at least a location of the object as represented in the captured image(s). In
some examples, instructions 324 may identify the target touch region(s) based on any

combination of characteristics (e.g., shape, orientation, etc.) of the object as
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represented in the captured image(s). Instructions 324 may identify the target touch
input(s) differently for each touch input scenario of the plurality of touch input scenarios
for computing system 100. For example, instructions 324 may identify the target touch
input(s) differently when the hand input scenario is identified than when the stylus input
scenario is identified.

[0083] Instructions 325 may generate, based at least on the touch regions identified by
instructions 324, projection image 190 and provide it to projector assembly 184 to be
projected on touch-sensitive surface 200, as described above.

[0084] In some examples, instructions 325 may receive projection configuration
data 380 from at least one other component of computing system 100, in which case
projection image 190 may be generated also based on the received projection
configuration data 380. Instructions 325 may receive projection configuration data 380,
for example, from applications 340 (e.g., an OS) executed by computing device 150 of
computing system 100.

[0085] Projection configuration data 380 may indicate, for example, which touch
regions, if any, should be represented by (e.g., reflected in) projection image 190. For
example, projection configuration data 380 may define which type(s) of touch regions
(e.g., target touch regions, non-target touch regions, neither, or both) should be
reflected by a corresponding projected region in projection image 190. Projection
configuration data 380 may also define for each type of region that should be reflected
in projection image 190 by a projected region, the visual characteristics of such
projected region, such as its color, average brightness level, pattern, symbol(s),
boundary line (if any) etc. In some implementations, projection configuration data 380
may also define for each type of projected region its spatial characteristics (e.g., shape,
size, and position) relatively to the spatial parameters of its corresponding touch region.
For example, projection configuration data 380 may define that the center of the
projected region should coincide with the center of the touch region, and that the shape
and size of the regions should be the same or substantially the same. In other
examples, projection configuration data 380 may define that the center of the projected
region should coincide with the center of the touch region, but that size of the projected
region should be slightly larger or smaller (e.g., by 10%) than the size of the
corresponding touch region.

[0086] In some examples, projection image 190 may include, in addition to
projected region(s) corresponding to touch region(s), additional image data, such as

additional image data 390. Additional image data 390 may include graphics, text,
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images, or any other type of visual data, and may be received by instructions 325 from
one or more applications 340. Additional image data 390 may include, for example,
graphics corresponding to (e.g., tracing) user input received through touch-sensitive
surface 200.

[0087] In some examples, instructions 325 may combine additional image data 390
with the projected regions described above (e.g., by overlaying additional image data
390 on the projected regions or vice versa) to generate projection image 190. It is
appreciated that even if projection image 190 combines (e.g., overlays) additional
image data with projected regions, the projected regions and their boundaries may still
be visually distinguishable. To illustrate this, FIG. 8B shows an example image data
190 that combines projected regions 721, projected region 726, and other image data
390. Even though additional image data 390 overlaps with projected region 726 and
one of projected regions 721, those projected regions are still visually distinguishable,
that is, the users can still visually determine the locations and the shapes of the
projected regions. Based on the projected regions, the user can also determine the
locations and the shapes of the corresponding (e.g., underlying) touch regions.

[0088] In other examples, instructions 325 may not receive additional image data
390; instead, instructions 325 may send to projector assembly 184 projection image
190 that includes the projected regions but does not include additional image data 390.
In such examples, projector assembly 184 may receive additional image data from
another source (e.g., from one or more applications 340), combine additional image
data with projection image 190, and project the combined image onto touch-sensitive
surface 200. In yet other examples, instructions 325 may send projection image 190
that includes the projected regions but not additional image data 390 to other
instructions and/or application(s), which may, in turn, generate or receive additional
image data, combine the data with projection image 190, and send the combined data
to projector assembly 184 for projection.

[0089] As noted above, instructions 323 may identify current touch input scenario for
computing system 100. In examples described herein, instructions 323 may determine the
touch input scenario based, at least in part, on the object disposed between sensor
bundle 164 and surface 200. For example, the object may be a stylus 25, as illustrated in
FIGS. 5 and 7E. In such examples, instructions 323 may identify a stylus input scenario as
the current touch input scenario for computing system 100. In some examples, as
described above, tip 26 of stylus 25 may be coated with an IR retro-reflective coating, the

presence of which may be detected using IR camera 164B. In such examples, instructions
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323 may identify the stylus input scenario as the current touch input scenario in response
to detecting the presence of stylus 25 with IR camera 164B. In other examples, the stylus
input scenario may be detected in any other suitable manner.

[0090] In response to identification of the stylus input scenario by instructions 323,
instructions 324 may identify a location of a tip of the stylus relative to the surface,
based on characteristic(s) of the object represented in the image, such as a location of
the stylus tip as represented in the captured image (e.g., image 702 of FIG. 7E).
Referring to FIG. 7E, in such examples, instructions 324 may identify a region of
surface 200 that is in close proximity to the identified tip location as a target touch
region 730 of surface 200. In such examples, the identified target touch region 730 may
exclude locations of surface 200 (e.g., non-target touch region 735) disposed below a
palm of a hand holding stylus 25. In some examples, instructions 324 may utilize an
image captured by IR camera 164B to determine a location of the tip 26 of the stylus 25
relative to surface 200.

[0091] In other examples, the object may be a hand, as illustrated in FIGS. 5 and 7A.
In some examples, the current touch input scenario may be identified as a finger input
scenario where input is to be received from a pointed finger, as illustrated in FIG. 7A. In
such examples, instructions 323 may receive an indication from an application (e.g.,
applications 340) executing on computing device 150 that the finger input scenario is the
current touch input scenario (e.g., when finger writing input is expected by the application).
In such examples, a target touch region in close proximity to the pointed fingertip (and
excluding surface 200 regions under the rest of the hand) may be identified.

[0092] In other examples when the object is a hand, instructions 323 may identify a
hand input scenario as the current touch input scenario for computing system 100. In
some examples, instructions 323 may identify the hand input scenario as the current
touch input scenario as a default in response to determining that the current touch input
scenario is not any of the other possible touch input scenarios (e.g., those described
above). In other examples, the hand input scenario may be detected in any other suitable
manner. Referring to FIG. 7C, in response to identification of the hand input scenario by
instructions 323, instructions 324 may identify a segmentation boundary at least partially
representing an outer edge of the hand based on at least image representing the object
captured by at least one camera of sensor bundle 164, and extract a skeletal model for
the hand based on characteristics of the object (i.e., hand) corresponding to the
segmentation boundary, as described above. Instructions 324 may further identify

respective locations of the fingertips of the hand relative to surface 200, based on the
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skeletal model, and for each of the identified fingertip locations, identify, as a target
touch region 720, a region of locations of surface 200 that are in close proximity to the
identified fingertip location. In such examples, instructions 324 may identify the target
touch regions 720 such each of the identified target touch regions 702 excludes
locations of surface 200 disposed below the palm of the hand (e.g., locations of non-
target touch region 725).

[0093] In some examples, instructions 322 may detect a trigger to initiate a
projection, as described above. For example, the projection process may be triggered
by an application (e.g., any of applications 340) being executed by computing device
150, a user input (e.g., requesting the process), or the like. In other examples, the
projection process may be continually performed by computing system 100. In some
examples, camera(s) of sensor bundle 164 may capture respective image(s) of the
object in response to the projection process being triggered, or may be captured
periodically in preparation to use such image(s) in a projection process. In examples in
which the image(s) are captured before the trigger, the trigger may initiate the rest of
the projection process described above after the capturing of the images. In some
examples, features and functionalities described herein in relation to FIGS. 8 may be
provided in combination with features and functionalities described herein in relation to
any of FIGS. 1-7F and 9-10.

[0094] FIG. 9 is a flowchart of an example method 900 for detecting a hand,
determining one or more touch regions corresponding (e.g., spatially) to the hand, and
projecting a projection image representing the touch region(s). Although execution of
method 900 is described below with reference to computing system 100 of FIGS. 1-7B
and 7D, other suitable systems for execution of method 900 can be utilized (e.g., system
100 with computing device 150). Additionally, implementation of method 900 is not limited
to such examples.

[0095] At block 905, method 900 may detect a hand on or above touch-sensitive
surface 200. For example, as described above, detection engine 170 of computing
device 150 may detect the hand based on one or more images acquired by one or
more cameras of sensor bundle 164, where the image(s) represent the hand. At block
910, the method may determine (e.g., based on the image(s)) a target touch region
over which at least one fingertip of the hand is disposed. At block 915, the method may
determine (e.g., based on the image(s)) a non-target touch region over which at least
one fingertip of the hand is disposed. At block 920, the method may project a projection

image on touch-sensitive surface 200, where the projection image includes a projected
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region spatially corresponding to (e.g., coinciding with) the target touch region and/or a
projected region spatially corresponding to (e.g., coinciding with) the non-target touch
region. Whether or not to project each projected region may be determined, for
example, based on projection configuration data (e.g., received from at least one of
applications 340). The projection configuration data may also indicate one or more
visual characteristics of the projected region(s).

[0096] Although the flowchart of FIG. 9 shows a specific order of performance of
certain functionalities, method 900 is not limited to that order. For example, the
functionalities shown in succession in the flowchart may be performed in a different
order, may be executed concurrently or with partial concurrence, or a combination
thereof. In some examples, features and functionalities described herein in relation to FIG.
9 may be provided in combination with features and functionalities described herein in
relation to any of FIGS. 1-8.
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CLAIMS
What is claimed is:

1. A computing system comprising:

a touch-sensitive surface;

a camera to capture an image representing an object disposed between the
camera and the touch-sensitive surface;

a detection engine to identify, based at least on the object represented in the
image, at least one touch region associated with the touch-sensitive surface, and to
generate a projection image comprising a projected region corresponding to the touch
region; and

a projector to project the projection image onto the touch-sensitive surface.

2. The computing system of claim 1, wherein the camera comprises at least one of:

an image sensor to capture image data representing the object;

a depth sensor to capture depth data representing the object; and

an infrared sensor to capture infrared data representing the object,

wherein the detection engine is to identify the at least one touch region of the
touch-sensitive surface based on at least one of the image data, the depth data, and
the infrared data.

3. The computing system of claim 1, wherein the projected region has at least one
visual characteristic different from that of an area of the projection image surrounding
the projected region, the visual characteristic comprising at least one of a background

color, a background pattern, and a background brightness.

4. The computing system of claim 1, wherein the touch region comprises a target touch
region from which a touch input is to be accepted, the target touch region being smaller
than the full area of the touch-sensitive surface.

5. The computing system of claim 1, wherein the touch region comprises a non-target

touch region from which a touch input is to be rejected, the non-target touch region

being smaller than the full area of the touch-sensitive surface.
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6. The computing system of claim 5, wherein the object is a hand and the non-target
touch region corresponds to an area on the touch-sensitive surface over which a palm
of the hand is disposed.

7. A non-transitory machine-readable storage medium comprising instructions
executable by a processing resource of a computing system comprising a touch-
sensitive surface and a camera, the instructions executable to:

acquire, from the camera, an image representing at least one object disposed
between the camera and the touch-sensitive surface;

identify a current touch input scenario of a plurality of touch input scenarios;

identify at least one touch region of the touch-sensitive surface based at least
on the current touch input scenario and a location of a portion of the object as
represented in the image; and

project a projection image onto the touch-sensitive surface, the projection image
comprising at least a projected region corresponding to the identified touch region.

8. The non-transitory machine-readable storage medium of claim 7, wherein the
camera comprises at least one of:

an image sensor to capture image data representing the object;

a depth sensor to capture depth data representing the object; and

an infrared sensor to capture infrared data representing the object,

wherein the instructions are executable to identify the at least one touch region
of the touch-sensitive surface based on at least one of the image data, the depth data,
and the infrared data.

9. The non-transitory machine-readable storage medium of claim 7, wherein the
projected region has at least one visual characteristic different from that of an area of
the projection image surrounding the projected region, the visual characteristic
comprising at least one of a background color, a background pattern, and a
background brightness.

10. The non-transitory machine-readable storage medium of claim 7, wherein the

plurality of touch input scenarios comprise at least a hand input scenario and a stylus

input scenario.
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11. The non-transitory machine-readable storage medium of claim 7, wherein the touch
region comprises at least one of a non-target touch region from which a touch input is

to be rejected and a target touch region from which the touch input is to be accepted.

12. A method comprising:

detecting an object on or above a touch-sensitive surface;

determining a target touch region of the touch-sensitive surface;

determining a non-target touch region of the touch-sensitive surface over which
a palm of the hand is disposed; and

projecting a projection image on the touch-sensitive surface, the projection
image comprising at least one projected region corresponding to at least one of the

target touch region and the non-target touch region.

13. The method of claim 12, further comprising acquiring an image representing the
object, wherein detecting the object comprises detecting the object based at least on

the image.

14. The method of claim 12, further comprising receiving projection configuration data,
the projection configuration data comprising at least one visual characteristic of the

projected region.
15. The method of claim 12, wherein the object comprises a hand, and wherein

determining the non-target touch region comprises determining an area of the touch-

sensitive surface over which a palm of the hand is disposed.
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