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(57) Abstract: Embodiments of the present invention disclose a system and method for remote touch detection. According to one
embodiment, an infrared light source is projected across a front surface of a display via at least one light emitting device. Further-
more, an infrared signal is transmitted in a direction of the front surface of the display via a remote pointing device. A surface tar-
get position is then determined based on measurement data caused by disruption of a portion of the infrared light source of the
light emitting device by either the infrared signal or a physical touch from a user.
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SYSTEM AND METHOD FOR REMOTE TOUCH DETECTION

BACKGROUND
{0001 ] Providing efficient and intuitive interaction between a computer system
and users thereot is essential for delivering an engaging and enjoyable user-experience.
Today, most computer systems include a keyboard for allowing a user to manually input
information into the computer system, and a mouse for selecting or highlighting items
shown on an associated display umit.  As computer systems have grown in popularity,
however, alternate input and inferaction systerns have been developed. For example,
touch-based, or touchscreen, computer systems allow a user fo physically touch the
dispiay unit and have that touch registered as an input at the particular touch location,
thereby enabling a user to interact physically with objects shown on the display of the

computer system.

BRIEF DESCRIPTION OF THE DRAWINGS
{0002] The features and advantages of the inventions as well as additional
features and advantages thercof will be more clearly understood hereinafier as a result of
a detailed deseription of particular embodiments of the invention when taken in

conjunction with the following drawings in which:

{80031 FIG. 1 18 a three-diroensional perspective view of an  all-in-one

touchscreen computing system according to an embodiment of the present invention.

{6004] FIG. 2 is a simplified block diagram of the touchscreen computer vision

svstem according to an embodiment of the present invention.

{8005] FIG. 3 1s an illustrative example of operation of a light emitting device and

optical sensor according to an embodiment of the invention.

{0006] FIGS. 4A and 48 are top down perspective views of the computer vision
system and operating environments thercot according to an embodiment of the present

invention.

{83071 FiIG. 3A illustrates an exemplary environment of a user interacting with

the computer vision systerm, while FIG. 5B illustrates a top down view perspective view
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of the computer vision system and the operating user shown in FIG. 5A according to one

erabodiment of the present mvention.

{B008] FiG. 6 illustrates the processing steps for the remote input detection

according to an embodiment of the present invention,

DETAILED DESCRIPTION OF THE INVENTION
{00091 The following discussion is directed to various ernbodiments.  Although
one or more of these embodiments may be specified, the embodiments disclosed should
not be interpreted, or otherwise used, as himiting the scope of the disclosure, including the
clairas. In addition, one skilled in the art will understand that the following description
has broad application, and the discussion of any ombodiment is meant only to be
exemplary of that embodiment, and not intended to intimate that the scope of the

disclosure, including the claims, is lirnited to that embodiment.

[00019] While touch technology is an exciting and natural means of user interface,
it can still be improved. One fundamental drawback of conventional touchscreen
interface systems is that the user must be within a few feet of the touchscreen computer
for operation. In addition to lmiting user movement and system placemeunt, physical
touching of the display screen may also cause arm and shoulder fatigue with extended use

of the system.

{00011} Embodiments of the present invention provide a system and method for
remote touch detection capable utihizing existing touchscreen computer system without
hardware modification. That s, the touchscreen computer vision systern is capable of
supporting both physical touch, or “black or shadow” detection, and remote touch, or
“white” detection. As such, embodiments in accordance with the present invention allow
system interaction with an laser beams or infrared signal sach as one from a laser pointer,
thereby enabling users to rervotely nterface with a touchscreen systern while maintaining

line-of-gight contact of the laser heam with the front surface of the display.

{0081 2] Several advantages are attorded by the remote touch input method of the
present embodiments.  For example, the operating user does not need to be in close

yroxtmity to the touch display it order to imterface with 1. Accordingly, such a
k ) A Zhy,
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configuration allows for greater user mobility and more flexible placement of the
touchscreen display. Furthermore, the remote touch system of the present embodiments
helps to alleviate arm and shoulder fatigue caused by extended sessions of physically
touching a vertical screen since user input can now be done from a comfortable location

with only the press of a button or a flick of the wrist from the remote pointing device,

{00013} Referring now in more detail to the drawings in which like numerals
identity corresponding parts throughout the views, FIG. 1A is a three-dimensional
perspective view of an all-in-one computer having multiple optical sensors, while FIG.
IB 1s a top down view of a display device and optical scusors mcluding the field of views
thereof according to an embodiment of the present invention., As shown in FIG. 1A, the
systern 100 inchudes a housing 105 for enclosing a display panel 109 and light emitting
devices 113a and 113b and optical sensors 110a and 110b. The systern also includes
fnput devices such as a keyboard 120 and a mouse 125 for text entry, navigating the user

interface, and manipulating data by a user for example.

{60014} The display system 100 may includes a display panel 109 and a transparent
laver 107 in front of the display panel 109, though the transparent layer 107 may be
omitted in certain ernbodiments. The front side of the display panel 109 is the surface
that displays an image and the back of the panel 109 is opposite the front. Light emitting
devices 113a and 113b and optical sensors 110a and 110b can be on the same side of the
transparent layer 107 as the display panel 109 to protect the optical sensors from
contaminates. Tn an alternative embodiment, the light emitting device and optical sensors
110a and 110b may be in front of the transparent layer 107, The transparent layer 107
can be glass, plastic, or another transparent material. The display panel 109 may be a
higquad crystal display (1.CD) panel, a plasma display, a cathode ray tube (CRT), an OLED
or a projection display such as digital light processing {DLFP), for example. In one
embodiment, mounting the light emitting devices 113a and 113b and optical sensors 110a
and110b 1 an area of the display system 100 that 15 outside of the perimeter of the of the
display panel 109 provides that the clarity of the transparent layer is not reduced by the

light emitting devices or optical sensors,

{80015} In one cmbodiment, optical sensors 1103 and 110b represent may two-

dimensional cameras including a charge-coupled device {CCD) or complementary metal-
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oxide semiconductor ({CMOS) phototransiators for example, and are configured to reccive
external light or shadows and convert the light or shadow to data, In another
embodiment, optical sensors 110a and 110b represent three-dimensional optical sensors
configured to report a three-dimensional depth map to a processor.  The three-
dimensional optical sensors 110a and 110b can determine the depth of an object located
within its respective field of view 115a and1 15b. The depth map changes over time as an
object and signal moves in the respective field of view 115a of optical sensor 110, or
within the field of view [13b of optical sensor 115b. According to one embodiment, the
depth of the object can be used to deterraine if the object is within a programined distance
of the display panel but not actually contacting the front side of the display panel. For
example, the object may be a user’s hand or finger approaching the front side of the
display panel 109, or an infrared signal enutied from a laser pointing device operated by a
user. Still further, and according to one embaodiment, optical sensors 110a and 110b are
positioned at top most corners around the perimeter of the display panel 109 such that
each field of view 1132 and [15b includes the areas above and surrounding the display
panel 109, As such, a touch input such as a user's hand or infrared signal for example,
may both be detected, and any associated motions around the perimeter and in front of the

computer system 100 can be accurately interpreted by the computer processor,

{80916} FIG. 2 15 a simplified block diagram of the computer vision sysiem
according to an embodiment of the present mvention.  As shown in this exemplary
embodiment, the system 200 includes a processor 220 coupled fo a display unit 230, a
svstem control unit 240, a computer-readable storage medium 225, light emitter 210, and
optical sensor 213configured to capture touch input 204, or measurersent data related to
an object or input disruption near the front of the display unit 230, In one embodiment,
processor 220 represents a central processing unit configured to execute program
instructions.  Display unit 230 represents an electronie visual display or touch-sensitive
display such as a desktop flat pancl monitor configured to display images and a graphical
user inferface for enabling interaction between the user and the computer system. Storage
medium 225 represents volatile storage (e.g. random access memory), non-volatile store
(e.g. hard disk drive, read-only memory, compact disc read only memory, flash storage,
ete.), or combinations thereof In one embodiment, systern comtrol umit 240 may

represent an application program or user interface control module configured to receive
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and process measurement data of a detected object. Furthermore, storage medium 225
includes software 228 that is executable by processor 220 and, that when executed, causes

the processor 220 to perform some or all of the functionality described herein,

{80817} FIG. 3 is an illustrative example of operation of the light emitting device
and optical sensor according to an embodiment of the invention. The hight emitting
device 325 is configured to project a light source 327 such as an infrared light or a laser
light source for example, that emits light and may be invisible to the user. In one
embodiment, the light emitting device 325 emits a structured light that is projected as a
light patiern such as a plane, grid, or more complex shape at a known angle. The way
that the light pattern deforras when disrupted by an object or light source, allows the
computer vision system to calculate the depth and surface imformation of the object or
light source. For example, the optical sensor 315 can receive disrupted light 329 as
measurement data, which is reflected from a light emitting deviee323 from an object 320
for example. Furthermore, the light emitting device 325 can be in any position relative to
the optical sensor 315 that allows the light source 327 to be disrupted or reflected off the
object 320 and be captured by the optical sensor 315, The infrared hght 325 can be
disrupted and reflected from an object 320 such as user’s hand or other light source, 50 as

to be captured by the optical sensor 315,

{00018} FIGS. 4A and 4B are top down perspective views of the computer vision
systern and operating environments thereot according o an embodiment of the present
invention. As shown in the embodiment of FIG. 4A, the touchscreen system includes a
display 405 for enclosing light emitting devices 412a and 412b and optical sensors 410a
and 410b.  According to the present embodiment, light emitting devices 412a and 412b
project light source 417a and 417b respectively.  More specifically, the light emitiers
412a and 412b projects a plane of infrared light 417a and 417b that covers the front
surface 407 of the display panel 405, Optical sensors 410a and 410b include respective
fields of views 4152 and 415b configured to detect and capture disruptions in either light
source 417a or 417b caused by an jnput object or device approaching the front display
surface 407, The object may be a physical object such as a finger or stylus s in contact
with the display surface 407 as shown in FIG. 4A, or an invisible input or infrared signal

eraitted onto the front surface 407 of the display as shown in FIG. 48,
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{8001 9] More particularly, an object such as a user’s hand 428 may approach the
display 405 and cause a disruption in either hight source 417a or 417b at position 425 in
FIG. 4A. Similarly, a remote pomting device 430 operated by a user may output an
infrared signal 432 in the direction of the display 405 so as o cause a disruption in the
plane of either light source 417a or 417h at position 425 in FIG. 4B, When the infrared
signal 432 disrupts the plane ot either light source 417a or 417b, the disruption is
accordingly detected by one of the optical sensors 410a or 410b. Thereafter, a processing
controller receives measurement or disruption information from the optical sensors in the

form of a shadow data where the disrupted area may appear black or white for example,

{00020] FIG. 5A ilustrates an exemplary cnvironment of a user interacting with
the computer vision system, while FIG. 5B illustrates a top down view perspective view
of the computer vision system and an operating user shown in FIG. 5A according to one
embodiment of the present mvention.  As shown in FIGS. 3A and 3B, the operating
environment includes a user 535 aiming a remote pointing device 530 af a display system
502. The user may be positioned further away (e.g. greater than one meter) from the
display system than traditional touchscreen operating covironments. Like the previous
erobodiments, the display system includes a light emitting device 510 configured to
project a hight source plane 525 across the front surface 507 of the display panel 503, and
an optical sensor 310 configured with a field of view 515, Furthermore, as the infrared
signal 532 from the remote pointing device 330 approaches the front surface of the
display panel, the signal 532 eventually breaks and disrupts a portion of the light source

525 or plane thereof.

{60821} As shown in the embodiment of FIG. 5A, the plane of the light source 525
is disrupted by the infrared signal 532 near posttion 527, which is proximate to the front
surface of the display panel. Thereafter, the optical sensor 510 captures the light caused
by the disraption and associates measurement data therewith., For example, in the case of
a physical disruption from a styhus or hand for example, the optical sensors are configured
o capture measurernent data having an approximate “black” color value at or near (0, 0,
0} within a RGB color model caused by the change in intensity of the light source emitted
by the light emitters at the area of disruption. Similarly, in the case of a disruption from a

light source such as a laser beam or infrared signal from a remote pointing device for
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example, the optical sensors are also configured to simultancously caphire measurement
data having an approximate “white” color value at or near (2585, 2885, 255) within a RGB
color model caused by the change in intensity of the light source emitted by the light
emitters at the area of disruption. Based upon this disruption and measurement data, the
processor of the computer vision system can deternine the approximate location of the
disruption and the surface target position, which is the desired touch input location on the
front surface of the display panel. Furthermore, and as shown in the embodiment of
FIGS. SA - SB, the user 535 and the user’s hand 1s in a natural and relaxed positioned

while interacting with the computer vision system 502,

{00022} FIG. 6 illustrates the processing steps for remote touch detection according
to an embodiment of the present invention. In step 602, the computer vision system
projects an infrared hight source as a plane to cover the front surtace of the display device.
Next, in step 604 an infrared signal from a user operating a remote pointing device
directed towards the front surface of the display, is received at the light source projected
by the light emitting device. A disruption in the light source is then captured by the
optical sensor as measurement or distuption data in step 606. That is, the optical sensor
detects the relative location of the disruption on the front surface of the display caused by
the infrared signal or physical object breaking and disrupting the plane of the light source

from the light emuiting device.

{80923} In step 608, the processor calculates the surface target position based on
measurement data captured by the optical sensor.  Next, in step 610, the system
determines if the surface target position has moved, or if the user is moving the remote
pointing device or physical object across the front display surface, and if so, updates the
surface target position accordingly. According to one embodiment, once the surface
target position is stationary for a predetermined time, the processor registers the surface
target position as a touch input location in step 612 for determining an appropriate

operation of the computer system.

{80924} Embodiments of the present invention provide a method for implementing
a remote pointing device for use with touchscreen computer vision systems. In particular,
the computer vision system of the present embodiments is configured to detect touch

inputs caused by physical objects contacting a front surface of the display panel, in
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addition to touch inputs caused by an infrared light source contacting the front surface of
the display pancl.  As such, a laser pointing device operated by a user and emitting an
infrared signal may serve as a remote operating device for controlling and operating a

touchscreen computing system.

[B0025] Many advantages are afforded by the remote touch detection system and
method according to embodiments of the present invention. For instance, the display
panel of the touchscreen computing system may be placed in a location in which physical
touch of the display is difficult or impossible {e.g. ceiling mounted). In such a case, the
user may operate the computing system remotely from a more comfortable position than
normal {e.g. lving down). Sl further, the compuier vision system of the present
embodiments helps to reduce upper body fatigue caused by prolonged extension of a
user’s arms when physically contacting the display panel with their hands or a stylus for
example. Moreover, embodiments of the present mvention can be beneficial for users
with physical disabilities by attaching the laser cmitter to a headband or body part other

than the user’s hand for example.

{60026] Furthermore, while the invention has been described with respect to
particular embodiments, one skilled in the art will recognize that numerous modifications
are possible. For example, although cxemplary embodiments depict an all-in-one
computer as the representative display panel of the computer vision system, the invention
is not limited thercto. For example, the computer vision system of the present
embodiments may be implemented in a netbook, a tablet personal computer, a cell phone,
or any other clectronic device having a display pancl, light emitting device, and optical

SCRSOT.

{88027) Still further, a single light emitting device and single optical sensor may be
atilized in the coraputer visions system in Heu of the two emitting devices and two optical
sensors depicted in the figures. Thus, although the invention has been described with
respect to exemplary embodiments, it will be appreciated that the invention is intended to

cover all modifications and equivalents within the scope of the following claims.
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WHAT IS CLAIMED IS:

I. A method for interacting with a computer systern having a display, the
method comprising:

projecting an infrared light source across a front surface of the display via at least
one light emitting device;

transmitting, via a remote pointing device operated by a user, an infrared signal in
a direction of the front surface of the display; and

determining a surface target position based on measurement data caused by
disraption at least a portion of the infrared light source of the light emitting device by

either the infrared signal or a physical touch from a user.

~§

2. The method of claim 1, wherein determining the surface target position
further includes:
capturing measurement data from the disruption of the infrared light source via at

{east one optical sensor positioned on the front surface of the display.

3. The raethod of claim 1, further comprising:
contimually updating the surface target position as the infrared signal moves

around the front surface of the display.

4. The method of claima 1, wherein the infrared light source projects as plane

so as to cover the entire front surface of the display.

5. The method of claim 2, wheremm the measurement data includes data
indicating a change of intensity of the light source at an area where the disruption by the

infrared signal occurred.

6. The method of claim 2, wherein a surface target position can be
determined for a user operating the remote pointing device at a distance greater than one

meter from the front surtace of the display.

7. The method of claim 2, wherein the display includes at least two optical

sensors positioned on opposite sides of the front surface of the display.
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8. A computer system comprising:

4 Processor;

a display including a front surface for displaying images to a user;

a light emitting device positioned proximate to the front surface of the display and
contigured to project an infrared light source across the front surface of the display;

at least one optical sensor coupled to the processor;

wherein the processor is configured to determine a surface target position based
on measurement data caused by disruption of at least a portion of the infrared light sowrce

of the hight emitting device by either an infrared signal or a physical touch.

g. The system of claim 8, wherein the at least one optical sensor is configured

to capture measurcment data caused by the disruption of the infrared signal.

1. The system of claim 8, wherein the infrared light source projects as plane

so as to cover the entire front surface of the display.

11 The system of claim 8, wherein the measurement data includes data
indicating a change of intensity of the hight source at an area where the distuption by the

infrared signal occurred.

12. The system of claim 9, wherein the system includes at least two optical

sensors positioned on opposite sides of the front surface of the display.

13 The system of claim 9, wherein a surface target position can be determined
tor a user operating the remote pointing device at a distance greater than one meter from

the front surface of the display.

4. A computer readable storage medium having stored cxecutable
instructions, that when executed by a processor, causes the processor 10:

capture disruption data from at least one optical sensor positioned on the front
surface of the display, and

determine a surface target position based on the disruption data;
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wherein the disruption data is caused by disruption of a portion of an infrared light
source of a light emitting device by either an infrared signal or a physical touch on the

front surface of the display.

Is. The computer readable storage medmum of claim 14, wherein the
executable mstructions further cause the processor to:
continually update the surface farget posifion as the infraved signal moves around

the front surface of the display.
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