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(57) Abstract: A method (62) for providing visual feedback to a user having a hand (14) and operating a graphical user interface
(28) on a display (24) using an input device (10). The input device (10) includes an image sensor (46) and an input element (40) de-
fining an input surface (42), the input element (40) being at least partially transparent. The method (62) includes: with the hand (14)
substantially adjacent to the input element (40), acquiring a hand image of the hand (14) through the input element (40) using the
image sensor (46); identifying predetermined anatomical features (13) in the hand image and associate with each a corresponding
feature location indicative of a position of the predetermined anatomical features (13) relative to the input surface (40); and display -
ing cursors (34, 61) in a window (30) of the graphical user interface (28) at positions relative to the window (30) that correspond to
the feature locations relative to the input surface (40).
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TITLE OF THE INVENTION

VISUAL FEEDBACK BY IDENTIFYING ANATOMICAL FEATURES OF A HAND

This application claims priority from US Provisional Patent Applications
5Serial Number 61/457,832 filed on June 16, 2011 and Serial Number 61/630,216
filed on December 7, 2011, the contents of which is hereby incorporated by

reference in its entirety.

FIELD OF THE INVENTION

[001] This invention relates to the field of computer user interface. More
10particularly, the invention relates to a method for providing visual feedback to a
user operating a graphical user interface, to a system for performing same and an

input device usable in the system.

BACKGROUND OF THE INVENTION

[002] Multi-touch input devices for computing devices, such as personal
15computers, and computing devices incorporating such input devices, such as
tablet computers and smart phones, are popular as they allow more versatile
complex inputs to the computing device than conventional graphic tablets, and-
mouse devices meouses , trackpads and trackballs with relatively simple and
comparatively constraining movements. Typically, the touch and/or multitouch
20input device detects positions at which a user touches an input surface. These
positions are conveyed to the computing device, which in turns accepts and
performs a user input function and/or displays a cursor or any other suitable

graphic element on a display, with the position of the cursors corresponding to the
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positions at which the user touches the surface. In multi-touch devices, many other
actions are also associated with different contact patterns with the input surface.

[003] One of the problems that occurs when using these devices is that the user
often looks at a display, such as a computer monitor, that is distanced from and
5oriented differently than the input device. Therefore, the user can lose track of the
location of fingers used to operate the input device when the fingers are lifted from
the input device, either voluntarily to be relocated at a different location, or

involuntarily by accident.

[004] Also a types of devices that are is becoming getting popular are is the tablet
10computer and the smart phone. A tablet computer or a smart phone is a typically
relatively thin rectangular shaped device in which the display occupies most of one
side thereof. The display is touch sensitive and therefore provides means for
controlling a graphical user interface. For casual text entry, a virtual keyboard can
be displayed on the display to allow typing. However, when a user wishes to enter
15large amounts of text, the use of the virtual keyboard can become tiring. Also, to
facilitate typing, the display is typically disposed horizontally on a surface. This
forces the user to bend his head to see the display, which can cause strain in the

neck of the user.

[005] A solution to these problems is to connect a physical keyboard and an
20external display to the tablet computer or the smart phone so that the setup for
data entry and visualization can be similar to the more ergonomic setup of a
conventional computer workstation. The connection can be made by plugging
directly or by wireless means the keyboard and display to the tablet or the smart

phone or through the use of a docking station. However, the user then loses sight
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of the tablet or smart phone display, which can make operation of the graphical
user interface more difficult. An external pointing device, such as a mouse can be
used, but the user then loses the many advantages of the touch screen input
versatility, such as the correspondence between a location of fingers adjacent the
5screen and the position at which an action is taken on the screen in the graphical
user interface. Another advantage of the tablet computer or the smart phone that

is lost with the use of a mouse or a similar device is the multi-touch capability.

[006] Against this background, there exists a need in the industry to provide an

improved input device, system and method for using a graphical user interface.

10[007] An object of the present invention is therefore to provide an improved input

device, system and method.

SUMMARY OF THE INVENTION

[008] In a broad aspect, the invention provides a method for providing visual
feedback to a user operating a graphical user interface on a display using an input
15device, the user having a hand, the hand defining predetermined anatomical
features, the input device including an image sensor and an input element defining
an input surface, the input element being at least partially transparent, the
graphical user interface including a window. The method includes: with the hand
substantially adjacent to the input element, acquiring a hand image of the hand
20through the input element using the image sensor; processing the hand image to
identify the predetermined anatomical features in the hand image and associate
with each of the predetermined anatomical features a corresponding feature
location, the feature locations being indicative of a position of the predetermined

anatomical features relative to the input surface; processing the hand image to
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derive a processed hand image, the processed hand image preserving a shape
and orientation of the hand in the hand image; overlaying on the display the
processed hand image in a manner such that the position and orientation of the
processed hand image relative to the window corresponds to the position and
Sorientation of the hand relative to the input surface; displaying cursors in the
window, the cursors being each associated with a corresponding ones of the
predetermined anatomical features, the cursors being positioned so that the
position of the cursors relative to the window corresponds to the feature locations

relative to the input surface.

10[009] The proposed method therefore preserves proportions and spatial
relationships between the physical world in which the hand of the user evolves and
the virtual world that is acted upon by the intended user. Image acquisition is
performed by looking through the input surface, or in other words from “below” the
hand. Acquiring the image of the hand in this manner eliminates the need for an

15external camera. Also, detection of contact between the hand and the input
surface, and in general identification of the predetermined anatomical features in
the hand image, are in some cases enabled as in for example for the detection of
a gentle touch by the user and in some other cases facilitated and more precise
when compared to a situation in which the hand image would be acquired from

20above the hand. Another case enabled by this invention is the consistent and
precise tracking of a stylus end point which is not always possible when capturing
the image from above the hand with a camera. Most often times the average user
writes in a natural manner as accustomed to writing on a piece of paper, by
holding the stylus so that the stylus end point would not always be visible to a
25camera view when the camera is located above the input surface. The user’s
fingers and other parts of his hand will often times obstruct the view of a camera

located above the input surface, from capturing the end point of the stylus. Indeed,
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in the present invention, the hand image is acquired from a location that clearly
shows the predetermined anatomical features as they look from close to the input
surface. Since this is the information that is important to the user as the input
surface is the surface used to interact with the graphical user interface, correct

Sidentification and location of the predetermined anatomical features or of the stylus
end point is enabled and facilitated.

[0010] Advantageously, the proposed method provides feedback to the intended
user regarding the position, shape and configuration of the hand and of parts

thereof.

10[0011] The hand is either entirely spaced apart from the input surface, or at least
one of the predetermined anatomical features is spaced apart from the input
surface. In some embodiments of the invention, in this latter case, the graphical
user interface includes an object, the object being substantially adjacent to the
cursor to which the at least one of the predetermined anatomical features is

15associated, the method further comprising highlighting the object.

[0012] In some embodiments of the invention, at least one of the predetermined

anatomical features contacts the input surface and the method further comprises

processing the hand image to detect that the at least one of the predetermined
20anatomical features contacts the input surface.

[0013] In some embodiments of the invention, the input device includes a light
source, the method further comprising illuminating the hand with the light source
through the input element.

25
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[0014] In some embodiments of the invention, the input element is contact
sensitive and the hand contacts the input surface at a contact location, the method
further comprising detecting the contact location and displaying an alternative
cursor in the window at an alternative cursor location, the alternative cursor being
Spositioned so that the alternative cursor location relative to the window

corresponds to the contact location relative to the input surface.

[0015] In some embodiments of the invention, the input element is contact
sensitive and the hand contacts the input surface at a contact location, the method
10further comprising detecting the contact location and transmitting to the graphical

input interface the contact location.

[0016] In some embodiments of the invention, the predetermined anatomical
features include fingertips, the feature locations of the fingertips being a centroid of
15the fingertips in the hand image.

[0017] In some embodiments of the invention, the processed hand image is an
image of the hand processed to remove pixels outside of the hand in the hand
image. In other embodiments of the invention,the processed hand image includes

20a contour of the hand extracted from the hand image.

[0018] In some embodiments of the invention, the hand holds a stylus defining a
stylus end point, the method further comprising processing the hand image to
identify the stylus end point in the hand image and associate with the stylus end
25point a stylus location, the stylus location being indicative of a position of the stylus
end point relative to the input surface; and displaying an alternative cursor in the
window, the alternative cursor being positioned so that the position of the

alternative cursor relative to the window corresponds to the location of the stylus
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end point relative to the input surface.

[0019] In some embodiments of the invention, the anatomical feature location is a
tridimensional location and the cursors are configured to indicate a distance
Sbetween the input surface and each of the predetermined anatomical features.

[0020] In some embodiments of the invention, the window comprises dimensions
substantially the same as the display. In other embodiments of the invention,the
window comprises dimensions less than the display.

10
[0021] In some embodiments of the invention, the window comprises at least one
sub-window. In these embodiments, in some cases, the processed hand image
and the cursors are displayed only when at least one of the cursors is within at
least one of the at least one sub-window.

15
[0022] In some embodiments of the invention, displaying the processed hand
image includes mixing the processed hand image with an other image in the
window. For example, the other image includes parts of the graphical user
interface. In some embodiments of the invention,mixing the processed hand image

20with the other image includes selectively adjusting a translucence of the processed
hand image such that when the processed hand image overlays a fraction of the
other image, the fraction can still be seen through the processed hand image.

[0023] In some embodiments of the invention, the input surface is part of a
25secondary display, the method further comprising displaying the cursors on the

secondary display in register with the predetermined anatomical features.

[0024] In some embodiments of the invention, the hand image includes an array of
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pixels and the image sensor includes an array of sensing elements provided
substantially adjacent to the input surface with the input surface being provided
between the image sensor and the hand, the array of sensing elements being
dimensioned substantially similarly to the input surface, each of the sensing
Selements providing one of the pixels.

[0025] In another broad aspect, the invention provides a system usable by an
intended user having a hand to operate a graphical user interface, the hand
defining predetermined anatomical features, the graphical user interface including
10a window, the system comprising: a display; an input device, the input device
including an input element defining an input surface and an opposed
undersurface, the input element being at least partially transparent; and an image
sensor configured located and operative for capturing a hand image of the hand
through the input element when the hand is located substantially adjacent to the
15input surface and either entirely spaced apart therefrom or contacting the input
surface. The system also includes an image processor coupled to the image
sensor and operative for receiving the hand image from the image sensor and for
processing the hand image to identify the predetermined anatomical features of
the hand in the hand image and associate with each of the predetermined
20anatomical features a corresponding feature location, the feature locations being
indicative of positions of the predetermined anatomical features relative to the
input surface; and a display interface coupled to the image processor and to the
display and operative for displaying on the display the window and displaying
cursors in the window, the cursors being each associated with a corresponding
250nes of the predetermined anatomical features, the cursors being positioned so
that the position of the cursors relative to the window corresponds to the feature
locations relative to the input surface.
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[0026] In some embodiments of the invention, the image sensor includes an array
of imaging elements, for example near field semiconductor light detection
elements such as complementary metal oxide semiconductor (CMOS) imaging
elements, provided substantially adjacent to the undersurface, the undersurface
Sbeing provided between the image sensor and the input surface. For example, the
hand image includes an array of pixels, each of the pixels being acquired by a
respective one of the imaging elements. In a specific example, the the array of

imaging elements and the input surface have substantially similar dimensions.

10[0027] In some embodiments of the invention, the image processor is further
operative for processing the hand image to derive a processed hand image
therefrom, the processed hand image preserving a shape and orientation of the
hand image; an the display interface is operative for overlaying on the display the
processed hand image in a manner such that the position and orientation of the

15processed hand image relative to the window corresponds to the position and
orientation of the hand relative to the input surface.

[0028] In some embodiments of the invention, the display and the input surface
have different spatial orientations. For example the display and the input surface
20are substantially perpendicular to each other, such as is the case when the display

is substantially vertical and the input surface is substantially horizontal.

[0029] In some embodiments of the invention, the input surface is contact
sensitive and the input element is operative for providing contact coordinates
25indicative of a contact location at which the hand contacts the input surface, the
display interface being operative for receiving the contact location and displaying
an alternative cursor in the window at an alternative cursor location, the alternative
cursor being positioned so that the alternative cursor location relative to the
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window corresponds to the contact location relative to the input surface.

[0030] In some embodiments of the invention, the input element is contact
sensitive and the hand contacts the input surface at a contact location, the input
5element being operative for providing contact coordinates indicative of the contact

location to the graphical user interface.

[0031] In some embodiments of the invention, the input element detects contact
by a detection method selected from the group consisting of a capacitive contact
10detection method, a resistive contact detection method, a detection method using
surface acoustic waves, an infrared contact detection method, an optical imaging
contact detection method, a dispersive signal technology detection method and an

acoustic pulse recognition method .

15[0032] In some embodiments of the invention, the system further comprises a
stylus defining a stylus end point, the stylus being graspable by the hand, the input
surface being contact sensitive and the input element being operative for providing
contact coordinates indicative of a contact location at which the stylus end point
contacts the input surface, the display interface being operative for receiving the

20contact location and displaying an alternative cursor in the window at an
alternative cursor location, the alternative cursor being positioned so that the
alternative cursor location relative to the window corresponds to the contact

location relative to the input surface.

25[0033]_In_some embodiments of the invention, the system further comprises a

stylus defining a stylus end point, the stylus being graspable by the hand. the input

element being contact sensitive for sensing a contact location at which the stylus
end point contacts the input surface, the input element being further operative for
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providing contact coordinates indicative of the contact location to the graphical
user interface.

[0034] In some embodiments of the invention, the input device further comprises
5an input device display substantially in register with the input surface, the display
interface being operative for displaying the window on the input device display.

[0035] In some embodiments of the invention, the input element is entirely
transparent in register with the image sensor.
10
[0036] In some embodiments of the invention, the image processor is operative for
classifying the predetermined anatomical features as either contacting the input
element or being spaced apart therefrom. In some of these embodiments, the
graphical user interface includes an object and the image processor is operative
15for highlighting the object if at least one of the cursors is substantially adjacent
thereto, the at least one of the cursors being associated with one of the

predetermined anatomical features that is spaced apart from the input surface.

[0037] In another broad aspect, the invention provides an input device usable with
20a computing device by an intended user having a hand, the input device
comprising: an input element defining an input surface and an opposed
undersurface, the input element being at least partially transparent; an image
sensor for capturing through the input element a hand image of the hand when the
hand is located substantially adjacent to the input surface and either entirely
25spaced apart therefrom or contacting the input surface; and an input device
interface couplable to the computing device and operative for transmitting to the

computing device image information obtained from the hand image.
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[0038] In some embodiments of the invention, the image information includes an

unprocessed version of the hand image.

[0039] In some embodiments of the invention, an image processor is coupled to
5the image sensor and to the input device interface and operative for receiving the
hand image from the image sensor; processing the hand image to compute the
image information; and releasing the image information to the input device

interface.

10[0040] In some embodiments of the invention, the image information includes a
contour of the hand in the hand image. In other embodiments of the invention, the
hand defines at least one predetermined anatomical feature, the image processor
being operative for receiving the hand image from the image sensor and for
processing the hand image to identify the at least one predetermined anatomical

15feature of the hand in the hand image and associate with the at least one
predetermined anatomical features a feature location, the feature location being
indicative of a position of the at least one predetermined anatomical feature
relative to the input surface; and the image information includes the feature
location.

20
[0041] In some embodiments of the invention, the image processor is also
operative for classifying the predetermined anatomical features as either
contacting the input element or being spaced apart therefrom, the image
information including an indication of whether each of the predetermined

25anatomical feature contacts or is spaced apart from the input element.

[0042] In some embodiments of the invention, the hand defines at least two

predetermined anatomical features, the image processor being operative for
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receiving the hand image from the image sensor and for processing the hand
image to identify the at least two predetermined anatomical features of the hand in
the hand image and associate with each of the at least two predetermined
anatomical features a corresponding feature location, the feature locations being
5indicative of a position of the at least two predetermined anatomical features
relative to the input surface; and the image information includes the feature

locations.

[0043] In some embodiments of the invention, the image sensor includes an array
10of imaging elements provided substantially adjacent to the undersurface, the
undersurface being provided between the image sensor and the input surface. For
example, the hand image includes an array of pixels, each of the pixels being
acquired by a respective one of the imaging elements. In a very specific example,
the array of imaging elements and the input surface have substantially similar
15dimensions. For example, the imaging elements are near field semiconductor light
detection elements, such as complementary metal oxide semiconductor (CMOS)

imaging elements, among others.

[0044] In some embodiments of the invention, the input surface is contact
20sensitive and the input element is operative for providing to the input device
interface contact coordinates indicative of a contact location at which the hand
contacts the input surface, the input device interface being operative for receiving
the contact location and transmitting to the computing device the contact location.

25[0045] In some embodiments of the invention, the contact sensitive surface
detects contact by a detection method selected from the group consisting of a
capacitive contact detection method, a resistive contact detection method, a

detection method using surface acoustic waves, an infrared contact detection
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method, an optical imaging contact detection method, a dispersive signal
technology detection method and an acoustic pulse recognition method.

[0046] In some embodiments of the invention, the input device is usable with a
5stylus held by the hand, the input surface is contact sensitive and the input
element is operative for providing to the input device interface contact coordinates
indicative of a contact location at which the stylus end point contacts the input
surface, the input device interface being operative for receiving the contact
location and transmitting to the computing device the contact location.
10
[0047] In some embodiments of the invention, the input device is usable with a
stylus held by the hand, the input surface is contact sensitive and the input
element is operative for providing to the input device interface contact coordinates
indicative of contact locations at which the hand and the stylus end point contact
15the input surface, the input device interface being operative for receiving the
contact locations and transmitting to the computing device the contact locations.

[0048] In some embodiments of the invention, the input device also comprises an
input device display substantially in register with the input surface, the input device
20interface being operative for receiving an image from the computing device and

displaying the image on the input device display.

[0049] In some embodiments of the invention, the input element is entirely
transparent in register with the image sensor.

25
[0050] In another broad aspect, the invention provides a method for providing
visual feedback to a user operating a graphical user interface on a display using

an input device, the user having a hand, the hand defining predetermined
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anatomical features, the input device including an image sensor and an input
element defining an input surface, the input element being at least partially
transparent, the graphical user interface including a window, the method
comprising: with the hand substantially adjacent to the input element, acquiring a
5hand image of the hand through the input element using the image sensor;
processing the hand image to identify the predetermined anatomical features in
the hand image and associate with each of the predetermined anatomical features
a corresponding feature location, the feature locations being indicative of a
position of the predetermined anatomical features relative to the input surface; and
10displaying cursors in the window, the cursors being each associated with a
corresponding ones of the predetermined anatomical features, the cursors being
positioned so that the position of the cursors relative to the window corresponds to

the feature locations relative to the input surface.

15[0051] Other objects, advantages and features of the present invention will
become more apparent upon reading of the following non-restrictive description of
preferred embodiments thereof, given by way of example only with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20[0052] In the appended drawings:

[0053] Figure 1, in a schematic view, illustrates an input device in accordance with

an embodiment of the present invention connected to a computing device;

[0054] Figure 2, in a block diagram, illustrates the computing device shown in Fig.
1;
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[0055] Figure 3, in a schematic cross-sectional view, illustrates the input device

shown in Fig. 1;

[0056] Figure 4, in a block diagram, illustrates a system that can be embodied by
the input device and computing device of Fig. 1; and

5[0057] Figure 5, in a flow chart, illustrates a method that can be performed using

the system shown in Fig. 4.

DETAILED DESCRIPTION

[0058] In the present document, many elements are described as being operative
for performing a certain function. This terminology is used to designate elements
10that include hardware, such as electrical, electronic and integrated circuits, among
other possibilities, and/or software executed by processing elements, such as
central processing units, microprocessors and micro controllers, among others,
and stored in memory elements, semiconductor based or other, and other
components if required. All the components together perform the function. These
15elements are each suitably configured and coupled to each other through
conductors, such as cables and traces on printed circuit boards, optical
components or wireless components, among others, so that the components can
perform the functions stated.

[0059] Referring to Fig. 1, there is shown an input device usable 10 with a
20computing device 12 by an intended user (not entirely shown in the drawings)
having a hand 14. The input device 10 is used in some embodiments to replace a
conventional computer mouse, trackpad, trackball, ¥ graphic tablet or any other
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suitable alternative input device. However, it is within the scope of the invention to
use a mouse, a trackpad, a trackball, a graphic tablet or any other suitable

alternative input device along with the proposed input device 10.

[0060] The hand 14 defines predetermined anatomical features. The
Spredetermined anatomical features are features of the hand 14 that are expected
to be present in the hand 14 of all, or at least most, users of the input device 10.
The predetermined anatomical features are features that are to be recognized in a
hand image of the hand 14, as described in further details hereinbelow. An
example of predetermined anatomical features is the fingertips 13. However, any
10other suitable predetermined anatomical feature is within the scope of the
invention, such as fingers, palm and wrist. A feature location is indicative of a
position of each predetermined anatomical feature. The feature location locates in
space the predetermined anatomical feature. For example, the feature location

can locate the center of the predetermined anatomical feature.

15[0061] The computing device 12 is in some embodiments of the invention a
general purpose computer. However, in other embodiments of the invention, the
computing device 12 can be a specialized computing device. Also, while in Fig. 1
the computing device 12 is shown as a stand-alone unit, which does not include
integrated keyboard, monitor and input device, the physical format of the

20computing device 12 may be different and the computing device 12 may be
packaged with one or more peripherals, such as a display, a keyboard and an
input device, in a single device. As seen in Fig. 2, in a block diagram, in some
embodiments of the invention, the computing device 12 includes a Central
Processing Unit (CPU) 16 connected to a storage medium 18 over a data bus 20.

25Although the storage medium 18 is shown as a single block, it may include a
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plurality of separate components, such as a compact disc (CD) disk drive, a fixed
disk, a tape drive, Flash type storage device, Read-Only Memory (ROM), and a
Random Access Memory (RAM), among others. The computing device 12 also
includes an Input/Output (I/0) interface 22 that connects to the data bus 20. The
5computing device 12 communicates with outside entities through the 1/O interface
22. In a non-limiting example of implementation, the /O interface 22 includes a
network interface, a parallel port interface, a serial port interface, a Universal
Serial Bus (USB) interface, a wireless interface, any combination thereof, or any
other suitable interface. The I/O interface 22 is used for example to exchange data
10with the input device 10.

[0062] The computing device 12 also includes a display controller 25 to which is
connected by wire or in a wireless way a display 24 (seen in Fig. 1). The
computing device 12 further typically includes complementary input devices 26
connected by wire or in a wireless way to the computing device 12, through which

15the user may input data or control the operation of a program element executed by
the CPU 16. The input device 26 may include, for example, any one or a
combination of the following: keyboard, pointing device, touch or contact sensitive
surface or speech recognition unit, among others.

[0063] In a typical implementation, the computing device 12 is executing on the
20CPU 16 an operating system stored on the storage medium 18 and providing a
graphical user interface 28 (seen in Fig. 1). Alernatively, an operating system can
be stored on a storage medium at a remote location, which operating system is
executed by the CPU 16 through a network connection. The graphical user
interface 28 is an interface allowing the user to operate at least some or most of

25the functionality of the computing device 12 using an interaction with graphics on



WO 2012/171116 PCT/CA2012/000598

19

the display 24. For example, but non-limitingly, the graphical user interface 28
includes one or more window 30, menus 32, one or more cursors 34, also called

pointers, icons 35 and other conventional graphical user interface items.

[0064] The window 30 fills a region of the display 24 and often includes a visible
5delimiting border. Typically, the window 30 is dedicated to a purpose. For
example, the window 30 may be used as an interface to interact with a computer
program. In another example, a sub-window 38 is associated to the window 30
and used for a very specific purpose in the interaction with the computer program.
In another example, the window 30 covers the whole display 24. In this example,
10the window 30 may not include the visible delimiting border. Such a window 30 is
often used to allow interaction with the operating system running on the computing

device 12.

[0065] A cursor 34 is an element of the graphical user interface 28 used to point
out a location in the window 30. Cursors 34 can have many shapes, such as an

15arrow shape, a cross shape, a circle shape, or any other suitable shape. Typically,
but not necessarily, a cursor 34 is shaped to convey easily the pointed out location
in the window 30. Cursors 34 typically have a color and a shape that makes them
relatively easily distinguished from background elements of the graphical user
interface 28. In some embodiments of the invention, the color of the cursor 34

20changes as the cursor 34 moves in the window 30 to facilitate distinction from
background elements that do not move along with the cursor 34.

[0066] The input device 10 is used to capture user inputs, such as pointing,
dragging, pinching, clicking and other conventional actions performed in muilti-
touch user interfaces. Referring to Fig. 3, the input device 10 includes an input
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element 40, an image sensor 46 and an input device interface 48. In some
embodiments of the invention, the input device 10 also includes an image

processor 50.

[0067] The input element 40 defines an input surface 42 and an opposed
5undersurface 44. The input element 40 is at least partially transparent. The input
element 40 may be entirely transparent in register with the image sensor 46, or
may include an array of transparent regions. For the purpose of this document, the
term transparent means that the input element 40 allows enough light to goget
therethrough without interfering to a great extent therewith so that a hand image of
10the hand 14 can be acquired by the image sensor 46 with the hand image having
enough details, luminosity, contrast and sharpness to allow the identification of the
predetermined anatomical features in the hand 14. The input element 40 is shown
in the drawings as being of a generally rectangular plate of uniform thickness, but
in alternative embodiments of the invention, the input element 40 has any other
15suitable shape.

[0068] The image sensor 46 is provided for capturing through the input element 40
a hand image of the hand 14 when the hand 14 is located substantially adjacent to
the input surface 42 and either entirely spaced apart therefrom or contacting the
input surface 42. In other words, the image sensor 46 “looks through” the input
20element 40 to capture the hand image. The image sensor 46 typically acquires the
hand image using visible light, but infrared radiation and millimeter wavelength
radiations, among other possibilities, can also be used. For the purpose of this
document, the terminology substantially adjacent means a distance that the
average user of a touch or contact screen device requires for a comfortable aiming
25distance before the user touches the surface of the touch screen.
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[0069] This manner of capturing the hand image can be realized in some
embodiments, as seen in Fig. 3, by having the image sensor 46 in register with the
input surface 42 on the side of the input element 40 opposed to the hand 14. In
these embodiments, the image sensor 46 includes an array of imaging elements
552 (with Fig. 3 only showing part of the array) provided substantially adjacent to
the undersurface 44, the undersurface 44 being provided between the image
sensor 46 and the input surface 42. The image sensor either contacts the
undersurface 44 or is spaced apart therefrom. In some specific embodiments, the
hand image includes an array of pixels, each of the pixels being acquired by a
10respective one of the imaging elements 52. In a very specific example, the array of
imaging elements 52 and the input surface 42 have substantially similar
dimensions. A type of image sensor 46 suitable for this type of input device 10
includes imaging elements 52 that are near field semiconductor light detection
elements, such as complementary metal oxide semiconductor (CMOS) imaging
15elements.

[0070] In other embodiments, not shown in the drawings, the image sensor 46
acquires the image of the hand 14 by redirecting towards an alternatively
positioned image sensor light that goes through the input element 40 using lenses,
mirrors, light waveguides and other suitable optical components. These optical
20components can be conventional geometrical optics components or can be
diffractive optical components using light diffraction to direct and focus light.

[0071] The input device interface 48 is couplable to the computing device 12 and
operative for transmitting to the computing device 12 image information obtained
from the hand image. The image information is information conveyed by the hand
25image, either with or without further processing after acquisition. The image



WO 2012/171116 PCT/CA2012/000598

22

information can for example and non-limitingly include an image, in other words an
array of pixels, a vector, or 1-dimensional array, or one or more sets of
coordinates, either 2D or 3D, associated or not with another quantity, either a
scalar, a vector or a matrix, among other possibilities. In a very simple example,

5the image information includes an unprocessed version of the hand image.

[0072] When present, the image processor 50 is coupled to the image sensor 46
and to the input device interface 48 and is operative for receiving the hand image
from the image sensor 46, processing the hand image to compute the image
information and releasing the image information to the input device interface 48. In
10some embodiments of the invention, the image information includes a contour of
the hand 14 in the hand image. In other embodiments, the image information
includes an image of the hand 14 processed to remove pixels outside of the hand
14 in the hand image. Algorithms for processing hand images as described in this
paragraph and in other paragraphs of the present document are well known in the
15art and will therefore not be described in further details herein.

[0073] In another example, the image processor 50 is operative for processing the
hand image to identify one or more predetermined anatomical features of the hand
14 in the hand image and associate with the predetermined anatomical features a
feature location. Each feature location is indicative of a position of one of the
20predetermined anatomical features relative to the input surface. In these cases,
the image information includes the feature location. In a specific example, the
predetermined anatomical features include fingertips 13 and the feature location of

each the fingertip is a centroid of the fingertip in the hand image.

[0074] In yet other embodiments of the invention, the hand 14 holds a stylus 15
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defining a stylus end point 17 and the image processor 50 is operative for
processing the hand image to identify the stylus end point 17 and stylus end point

coordinates. The image information then includes the stylus end point coordinates.

[0075] In embodiments wherein the input device 10 does not include the image
Sprocessor 50, processing of the hand image as described hereinabove can be
made by the computing device 12 instead of by the image processor 30.

[0076] In some embodiments of the invention, the input surface 42 is also contact
sensitive for sensing either when the hand 14 touches the input surface 42 or
when the stylus 15 contacts the input surface 42. Also, the input element 40 is

10operative for providing to the input device interface 48 contact coordinates
indicative of a contact location at which contact occurs on the input surface 42.
The input device interface 48 is in turn operative for receiving the contact location
and transmitting to the computing device 12 the contact location. In these
embodiments the input device 10 includes means other than imaging to detect

15contact with the input surface 42. For example, the contact sensitive input surface
42 detects contact by a detection method selected from the group consisting of a
capacitive contact detection method, a resistive contact detection method, a
detection method using surface acoustic waves, an infrared contact detection
method, an optical imaging contact detection method, a dispersive signal

20technology detection method and an acoustic pulse recognition method, among
other contact detection methods.

[0077] However, in alternative embodiments of the invention, contact with the
input surface 42 is detected using the hand image. For example, this contact is
detected by measuring the expansion of the parts of the hand 14 that touch the
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input surface 42, such as an expansion of the fingertips, due to the pressure
exerted by the input surface 42 on the hand 14. In these embodiments, different
actions can be assigned in the graphical user interface 28 to predetermined
anatomical features that contact the input surface 42 and to predetermined
Sanatomical features that are entirely spaced apart from the input surface 42, or in
other words that do not contact the input surface 42. For example, objects of the
graphical user interface 28, such as icons 35 for example, are highlighted in a
conventional manner when the cursor location of the cursors 34 associated with
predetermined anatomical features that are entirely spaced apart from the input

10surface 42 are substantially adjacent to the objects. In yet other embodiments,
contact of the stylus 15 with the input surface 42 is detected by a light emitting
device located on the tip of the stylus 15. The light emitting device will change
intensity or color to be captured by the image sensor 46, depending on the
pressure exerted by the input surface 42 on the tip of the stylus 15. In this

15embodiment the stylus 15 contains a battery and circuit with a pressure switch
coupled to the light emitting device. Alternatively the tip of the stylus 15 can be
made of a flexible material which will change in size or provide a different color to
be captured by the image sensor 46, depending on the pressure exerted by the
input surface 42 on the tip of the stylus 15.

20[0078] In some embodiments of the invention, the processed hand image 51 and
the cursors 34 are displayed only when at least one of the cursors 34 is within a
sub-window 38, typically the active sub-window 38. However, in other
embodiments, the cursors 34 are always displayed on the display 24, as long as

there is one of the predetermined anatomical feature in the hand image.

25[0079] In some embodiments of the invention, the input device 10 also includes an
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input device display 54 substantially in register with the input surface 42. The input
device interface 48 is then operative for receiving an image from the computing
device 12 and displaying the image on the input device display 54. The image can
be for example the image displayed on the display 24. The input device display 54
Sis represented in Fig. 3 as separate from the image sensor 46, which can indeed
correspond to the physical configuration of the input device 10. However, in some
embodiments, the input device display 54 and image sensor 46 are integrated in a
single device, for example a single semiconductor device in which the imaging
elements 52 are interleaved with display elements. An example of such an
10embodiment would occur in a case in which the image sensor 46 is integrated in

the display of a tablet computer or a smart phone.

[0080] In some embodiments of the invention,the input device 10 includes a light
source 59 to illuminate the hand 14 through the input element 40. While a
dedicated light source 59 can be provided, such as one or more light emitting

15diodes (LED), among other possibilities, in some embodiments, the input device
display 54 also acts as a light source.

[0081] In general terms, in some embodiments, the invention takes the form of a
system 56 usable by an intended user having the hand 14 to operate a graphical
user interface 28. Referring to Fig. 4, the system 56 includes the display 24, an
20input device 10' an image processor 58 and a display interface 60. The input
device 10' is similar to the input device 10 and includes the input element 40 and
the image sensor 46. However, for the purpose of the following paragraphs, the
input device 10' does not include the image processor 50 and the input device
interface 48. The image processor 50, and if required the input device interface 48,

25can be physically integrated in the same casing as the input device 10', or
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alternatively, can be provided using suitable hardware and software in a
computing device, such as the computing device 12, connected to the input device
10"

[0082] The image processor 58 is coupled to the image sensor 46 of the input
5device 10" and is operative for receiving the hand image from the image sensor 46
and for processing the hand image to identify the predetermined anatomical
features of the hand 14 in the hand image and associate with each of the
predetermined anatomical features the corresponding feature locations. A display
interface 60 is coupled to the image processor 58 and to the display 24 and
10operative for displaying on the display 24 the various elements of the graphical
user interface 28, as shown in Fig. 1, including cursors 34 associated with the

predetermined anatomical features as described hereinabove.

[0083] In some embodiments, the image processor 58 is further operative for
processing the hand image to derive a processed hand image 51 (seen in Fig. 1)

15therefrom, the processed hand image 51 preserving a shape and orientation of the
hand image, and the display interface 60 is operative for overlaying on the display
24 the processed hand image 51 in a manner such that the position and
orientation of the processed hand image 51 relative to the window 30 corresponds
to the position and orientation of the hand 14 relative to the input surface 42. In

20alternative embodiments, either only the processed hand image 51 or the cursors
34 are displayed. For example, overlaying the processed hand image 51 includes
mixing, in an analog manner or digitally, the processed hand image 51 with an
other image in the window 30, the other image including for example parts of the
graphical user interface 28.
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[0084] Overlaying the processed hand image 51 can be made by mixing the hand
image with the other image by for example selectively adjusting a translucence of
the processed hand image 51 such that when the processed hand image 51
overlays a portion of the other image, the portion can still be seen through the
sprocessed hand image 51. In this case, the processed hand image 51 can provide
feedback to the user by displaying in real time the position and shape of the hand
14 of the user on the display 24. By real time, it is meant that the delay between
image acquisition and image display is so short that it is not noticeable by the

user. For example, and non-limitingly, this delay is less than 33 ms.

10[0085] In yet other embodiments, when the hand 14 holds a stylus 15, as seen in
Fig. 1, the image processor 58 is further operative for determining the stylus end
point coordinates and the display interface 60 is operative for displaying an
alternative cursor 61 in the window 30. The alternative cursor 61 is positioned so
that the position of the alternative cursor 61 relative to the window 30 corresponds

15to the location of the stylus end point 17 relative to the input surface 42. The
alternative cursor 61 is different in shape, size, color or combinations thereof from
the cursors 34. The embodiments allow to make a distinction between the hand 14
and the stylus 15 so that different actions in the graphical user interface 28 can be
associated with the hand 14 and the stylus 15.

20[0086] In yet other embodiments, the anatomical feature locations are
tridimensional locations including a measure of a distance between the
predetermined anatomical features and the input surface 42. For example, this
distance can be determined by calibrating the input device 14 to the dimensions of
the hand 14 and afterward measuring the dimension of the predetermined

25anatomical features, which will reduce in dimensions as they get farther from the
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input surface 42. Then, the cursors are configured, using shape, color or
combinations thereof to indicate a distance between the input surface 42 and each
of the predetermined anatomical features. In this example, additional feedback
regarding the position of the hand 14 is provided to the user.

5[0087] In some embodiments of the invention, the window 30 comprises
dimensions substantially the same as the display 24. In other embodiments, the

window 30 comprises dimensions less than the display 24.

[0088] In some embodiments, the display 24 and the input surface 42 have
different spatial orientations. For example, the display 24 and the input surface 42
10are substantially perpendicular to each other. In a very specific example of
implementation, the display 24 is substantially vertical and the input surface 42 is

substantially horizontal.

[0089] I[n some embodiments, the input surface 42 is contact sensitive and the
input element 40 is operative for providing contact coordinates indicative of a

15contact location at which the hand 14 and/or stylus 15 contacts the input surface
42, the display interface 60 being operative for receiving the contact location and
displaying an alternative cursor 33 in the window at an alternative cursor location.
The alternative cursor 34 is positioned so that the alternative cursor location
relative to the window 30 corresponds to the contact location relative to the input

20surface 42. The alternative cursors 33 are different in shape, size, color or
combinations thereof from the other cursors 33.

[0090] The system 56 and the input device 10 in combination with the computing
device 12 are usable to perform a method 62, illustrated in a flowchart in Fig. 5, for
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providing visual feedback to a user operating the graphical user interface 28 on
the display 24. The method 62 can also be performed more generally by any
suitable combination of software and hardware.

[0091] Generally speaking, the method 62 begins at step 64. Then, at step 66,
5with the hand 14 substantially adjacent to the input element 40, the hand image is

acquired. Subsequently, at step 68, the hand image is processed to identify the

predetermined anatomical features in the hand image and associate with each of

the predetermined anatomical features the corresponding feature locations.

Afterwards, steps 70 and 72 are performed. The order of steps 70 and 72 can be
10changed, or steps 70 and 72 can be performed simultaneously.

[0092] At step 70, the hand image is processed to derive a processed hand image
51, the processed hand image 51 preserving a shape and orientation of the hand
14 in the hand image, and the processed hand image 51 is overlaid on the display
24 in a manner such that the position and orientation of the processed hand image
1551 relative to the window 30 corresponds to the position and orientation of the
hand 14 relative to the input surface 42. At step 72, cursors 34 are displayed in the
window, the cursors 34 being each associated with a corresponding one of the
predetermined anatomical features, the cursors 34 being positioned so that the
position of the cursors 34 relative to the window 30 corresponds to the feature
20locations relative to the input surface 42.

[0093] Finally, the method 62 either ends , or more typically, the method 62 is
performed in a loop and restarts at step 66.

[0094] In some embodiments of the invention, the method 62 can be performed
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with the hand 14 entirely spaced apart from the input surface 42. In some
embodiments of the invention, at least one of the anatomical features is spaced
apart from the input surface 42. In some embodiments of the invention, at least

one of the anatomical feature contacts the input surface 42.

5[0095] In embodiments of the invention wherein the input element 40 is contact
sensitive and either one of or both the hand 14 or stylus 15 contacts the input
surface 42 respectively at a touch location and a stylus location. In these
embodiments, the method 62 may further include detecting the touch location and
displaying an alternative cursor 33in the window 30 at an alternative cursor

10location, the alternative cursors being positioned so that the alternative cursor
location relative to the window 30 corresponds to the touch location relative to the
input surface 42. Alternatively, or in addition, the method 62 may include detecting
the touch location and transmitting to the graphical user interface 28 the touch
location. Then, the touch location may be used by the graphical user interface 28

15to perform a predetermined action, such as for example an action associated with
a “clicking” input when the graphical user interface 28 is used with a mouse.
However, any other suitable action may be taken by the graphical user interface
28. Also, the method 62 may further include detecting the stylus location and
displaying an alternative cursor 61 in the window 30 at an other alternative cursor

20location, the other alternative cursors being positioned so that the other alternative
cursor location relative to the window 30 corresponds to the stylus location relative
to the input surface 42.

[0096] Although the present invention has been described hereinabove by way of
preferred embodiments thereof, it can be modified, without departing from the

25spirit and nature of the subject invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

10

15

20

25

1.

A method for providing visual feedback to a user operating a graphical
user interface on a display using an input device, said user having a
hand, said hand defining predetermined anatomical features, said input
device including an image sensor and an input element defining an input
surface, said input element being at least partially transparent, said
graphical user interface including a window, said method comprising:

with said hand substantially adjacent to said input element,

acquiring a hand image of said hand through said input element

using said image sensor;

- processing said hand image to identify said predetermined
anatomical features in said hand image and associate with each
of said predetermined anatomical features a corresponding
feature location, said feature locations being indicative of a
position of said predetermined anatomical features relative to said
input surface;

- processing said hand image to derive a processed hand image,
said processed hand image preserving a shape and orientation of
said hand in said hand image;

- overlaying on said display said processed hand image in a
manner such that the position and orientation of said processed
hand image relative to said window corresponds to the position
and orientation of said hand relative to said input surtace;

- displaying cursors in said window, said cursors being each

associated with a corresponding ones of said predetermined

anatomical features, said cursors being positioned so that the
position of said cursors relative to said window corresponds to

said feature locations relative to said input surface.
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. The method as defined in claim 1, wherein said hand is entirely

spaced apart from said input surface.

. The method as defined in claim 1, wherein at least one of said

predetermined anatomical features is spaced apart from said input

surface.

. The method as defines in claim 3, wherein said graphical user

interface includes an object, said object being substantially adjacent
to said cursor to which said at least one of said predetermined
anatomical features is associated, said method further comprising
highlighting said object.

. The method as defined in claim 1, wherein at least one of said

predetermined anatomical features contacts said input surface.

. The method as defined in claim 5, further comprising processing said

hand image to detect that said at least one of said predetermined
anatomical features contacts said input surface.

. The method as defined in claim 1, wherein said input device includes

a light source, said method further comprising illuminating said hand

with said light source through said input element.

. The method as defined in claim 1, wherein said input element is

contact sensitive and said hand contacts said input surface at a
contact location, said method further comprising detecting said
contact location and displaying an alternative cursor in said window
at an alternative cursor location, said alternative cursor being

positioned so that said alternative cursor location relative to said

PCT/CA2012/000598
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window corresponds to said contact location relative to said input

surface.

9. The method as defined in claim 1, wherein said input element is

5 contact sensitive and said hand contacts said input surface at a
contact location, said method further comprising detecting said

contact location and transmitting to said graphical input interface said

contact location.

10 10.  The method as defined in claim 1, wherein said predetermined
anatomical features include fingertips, said feature locations of said
fingertips being a centroid of said fingertips in said hand image.

11.  The method as defined in claim 1, wherein said processed hand
15 image is an image of said hand processed to remove pixels outside
of said hand in said hand image.

12.  The method as defined in claim 1, wherein said processed hand
image includes a contour of said hand extracted from said hand
20 image.

13.  The method as defined in claim 1, wherein said hand holds a
stylus defining a stylus end point, said method further comprising
processing said hand image to identify said stylus end point in said

25 hand image and associate with said stylus end point a stylus
location, said stylus location being indicative of a position of said
stylus end point relative to said input surface; and displaying an
alternative cursor in said window, said alternative cursor being
positioned so that the position of said alternative cursor relative to

30 said window corresponds to the location of said stylus end point
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relative to said input surface.

14. The method as defined in claim 1, wherein said anatomical
feature location is a tridimensional location and wherein said cursors
5 are configured to indicate a distance between said input surface and

each of said predetermined anatomical features.

15.  The method as defined in claim 1, wherein said window
comprises dimensions substantially the same as said display.
10
16.  The method as defined in claim 1, wherein said window

comprises dimensions less than said display.

17.  The method as defined in claim 1, wherein said window

15 comprises at least one sub-window.

18.  The method as defined in claim 17, wherein said processed hand
image and said cursors are displayed only when at least one of said
cursors is within at least one of said at least one sub-window.

20

19.  The method as in claim 1, wherein displaying said processed
hand image includes mixing said processed hand image with an
other image in said window.

25 20.  The method as defined in claim 19, wherein said other image
includes parts of said graphical user interface.

21. The method as defined in claim 19, wherein mixing said
processed hand image with said other image includes selectively
30 adjusting a translucence of said processed hand image such that
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when said processed hand image overlays a fraction of said other
image, said fraction can still be seen through said processed hand

image.

5 22.  The method as defined in claim 1, wherein said input surface is
part of a secondary display, said method further comprising
displaying said cursors on said secondary display in register with

said predetermined anatomical features.

10 23. The method as defined in claim 22, wherein said hand image
includes an array of pixels and said image sensor includes an array
of sensing elements provided substantially adjacent to said input
surface with said input surface being provided between said image
sensor and said hand, said array of sensing elements being

15 dimensioned substantially similarly to said input surface, each of said

sensing elements providing one of said pixels.

24. A system usable by an intended user having a hand to operate a
graphical user interface, said hand defining predetermined
20 anatomical features, said graphical user interface including a
window, said system comprising:
- adisplay;
- an input device, said input device including:
an input element defining an input surface and an opposed
25 undersurface, said input element being at least partially
transparent; and
an image sensor configured located and operative for
capturing a hand image of said hand through said input
element when said hand is located substantially adjacent to
30 said input surface and either entirely spaced apart therefrom
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or contacting said input surface;

- an image processor coupled to said image sensor and operative
for receiving said hand image from said image sensor and for
processing said hand image to identify said predetermined

5 anatomical features of said hand in said hand image and
associate with each of said predetermined anatomical features a
corresponding feature location, said feature locations being
indicative of positions of said predetermined anatomical features
relative to said input surface; and

10 - a display interface coupled to said image processor and to said
display and operative for displaying on said display said window
and displaying cursors in said window, said cursors being each
associated with a corresponding ones of said predetermined
anatomical features, said cursors being positioned so that the

15 position of said cursors relative to said window corresponds to
said feature locations relative to said input surface.

25. The system as defined in claim 24, wherein said image sensor

includes an array of imaging elements provided substantially

20 adjacent to said undersurface, said undersurface being provided
between said image sensor and said input surface.

26. The system as defined in claim 25, wherein said hand image
includes an array of pixels, each of said pixels being acquired by a
25 respective one of said imaging elements.

27.  The system as defined in claim 25, wherein said array of imaging
elements and said input surface have substantially similar
dimensions.

30
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28. The system as defined in claim 25, wherein said imaging

elements are near field semiconductor light detection elements.

29. The system as defined in claim 28, wherein said imaging
5 elements are complementary metal oxide semiconductor (CMOS)

imaging elements.

30. The system as defined in claim 24, wherein
- said image processor is further operative for processing said
10 hand image to derive a processed hand image therefrom, said
processed hand image preserving a shape and orientation of said
hand image;
- said display interface is operative for overlaying on said display
said processed hand image in a manner such that the position
15 and orientation of said processed hand image relative to said
window corresponds to the position and orientation of said hand

relative to the input surface.

31.  The system as defined in claim 24, wherein said display and said
20 input surface have different spatial orientations.

32.  The system as defined in claim 31, wherein said display and said
input surface are substantially perpendicular to each other.

25 33. The system as defined in claim 32, wherein said display is
substantially vertical and said input surface is substantially horizontal.

34.  The system as defined in claim 24, wherein said input surface is
contact sensitive and said input element is operative for providing

30 contact coordinates indicative of a contact location at which said
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hand contacts said input surface, said display interface being
operative for receiving said contact location and displaying an
alternative cursor in said window at an alternative cursor location,
said alternative cursor being positioned so that said alternative cursor
5 location relative to said window corresponds to said contact location

relative to said input surface.

35. The system as defined in claim 24 wherein said input element is

contact sensitive and said hand contacts said input surface at a

10 contact location, said input element being operative for providing
contact coordinates indicative of said contact location to said

graphical user interface.

36. The system as defined in claim 35, wherein said input element
15 detects contact by a detection method selected from the group
consisting of a capacitive contact detection method, a resistive
contact detection method, a detection method using surface acoustic
waves, an infrared contact detection method, an optical imaging
contact detection method, a dispersive signal technology detection
20 method and an acoustic pulse recognition method.

37. The system as defined in claim 24, further comprising a stylus
defining a stylus end point, said stylus being graspable by said hand,
said input surface being contact sensitive and said input element

25 being operative for providing contact coordinates indicative of a
contact location at which said stylus end point contacts said input
surface, said display interface being operative for receiving said
contact location and displaying an alternative cursor in said window
at an alternative cursor location, said alternative cursor being

30 positioned so that said alternative cursor location relative to said
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window corresponds to said contact location relative to said input

surface.

38.  The system method as defined in claim 24, further comprising a

5 stylus defining a stylus end point, said stylus being graspable by said
hand, said input element being contact sensitive for sensing a

contact location at which said stylus end point contacts said input

surface, said input element being further operative for providing

contact coordinates indicative of said contact location to said

10 graphical user interface.

39. The system as defined in claim 24, wherein said input device
further comprises an input device display substantially in register with
said input surface, said display interface being operative for

15 displaying said window on said input device display.

40.  The system as defined in claim 24, wherein said input element is

entirely transparent in register with said image sensor.

20 41.  The system as defined in claim 24, wherein said image processor
is operative for classifying said predetermined anatomical features as

either contacting said input element or being spaced apart therefrom.

42.  The system as defined in claim 41, wherein said graphical user
25 interface includes an object, said image processor being operative
for highlighting said object if at least one of said cursors is
substantially adjacent thereto, said at least one of said cursors being
associated with one of said predetermined anatomical features that is
spaced apart from said input surface.
30
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43.

40

An input device usable with a computing device by an intended

user having a hand, said input device comprising:

44,

an input element defining an input surface and an opposed
undersurface, said input element being at least partially
transparent;

an image sensor for capturing through said input element a hand
image of said hand when said hand is located substantially
adjacent to said input surface and either entirely spaced apart
therefrom or contacting said input surface;

an input device interface couplable to said computing device and
operative for transmitting to said computing device image
information obtained from said hand image.

The input device as defined in claim 43, wherein said image

information includes an unprocessed version of said hand image.

45.

The input device as defined in claim 43, further comprising an

image processor coupled to said image sensor and to said input

device interface and operative for

46.

receiving said hand image from said image sensor;

processing said hand image to compute said image information;

and

releasing said image information to said input device interface.

The input device as defined in claim 45, wherein said image

information includes a contour of said hand in said hand image.

47.

The input device as defined in claim 45, wherein

said hand defines at least one predetermined anatomical feature,
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said image processor being operative for receiving said hand
image from said image sensor and for processing said hand
image to identify said at least one predetermined anatomical
feature of said hand in said hand image and associate with said
at least one predetermined anatomical features a feature location,
said feature location being indicative of a position of said at least
one predetermined anatomical feature relative to said input

surface; and

- said image information includes said feature location.

The input device as defined in claim 47, wherein said image
processor is operative for classifying said predetermined anatomical
features as either contacting said input element or being spaced
apart therefrom, said image information including an indication of
whether each of said predetermined anatomical feature contacts or is

spaced apart from said input element.

The input device as defined in claim 43, wherein

- said hand defines at least two predetermined anatomical features,
said image processor being operative for receiving said hand
image from said image sensor and for processing said hand
image to identify said at least two predetermined anatomical
features of said hand in said hand image and associate with each
of said at least two predetermined anatomical features a
corresponding feature location, said feature locations being
indicative of a position of said at least two predetermined

anatomical features relative to said input surface; and

- said image information includes said feature locations.

The input device as defined in claim 43, wherein said image
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sensor includes an array of imaging elements provided substantially
adjacent to said undersurface, said undersurface being provided

between said image sensor and said input surface.

5 51.  The input device as defined in claim 50, wherein said hand image
includes an array of pixels, each of said pixels being acquired by a

respective one of said imaging elements.

92.  The input device as defined in claim 51, wherein said array of
10 imaging elements and said input surface have substantially similar

dimensions.

53.  The input device as defined in claim 50, wherein said imaging
elements are near field semiconductor light detection elements.
15
94.  The input device as defined in claim 53, wherein said imaging
elements are complementary metal oxide semiconductor (CMOS)

imaging elements.

20 55.  The input device as defined in claim 43, wherein said input
surface is contact sensitive and said input element is operative for
providing to said input device interface contact coordinates indicative
of a contact location at which said hand contacts said input surface,
said input device interface being operative for receiving said contact

25 location and transmitting to said computing device said contact
location.

o96.  The input device as defined in claim 55, wherein said contact
sensitive surface detects contact by a detection method selected

30 from the group consisting of a capacitive contact detection method, a
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resistive contact detection method, a detection method using surface
acoustic waves, an infrared contact detection method, an optical
imaging contact detection method, a dispersive signal technology

detection method and an acoustic pulse recognition method.

57.  The input device as defined in claim 43, wherein said input device
is usable with a stylus held by said hand, said input surface being
contact sensitive and said input element being operative for providing
to said input device interface contact coordinates indicative of a

10 contact location at which said stylus end point contacts said input
surface, said input device interface being operative for receiving said
contact location and transmitting to said computing device said

contact location.

15 58.  The input device as defined in claim 43, wherein said input device
is usable with a stylus held by said hand, said input surface being
contact sensitive and said input element being operative for providing
to said input device interface contact coordinates indicative of
contact locations at which said hand and said stylus end point

20 contact said input surface, said input device interface being operative
for receiving said contact locations and transmitting to said
computing device said contact locations.

99.  The input device as defined in claim 43, further comprising an
25 input device display substantially in register with said input surface,
said input device interface being operative for receiving an image
from said computing device and displaying said image on said input
device display.

30 60. The input device as defined in claim 43, wherein said input
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element is entirely transparent in register with said image sensor.

A method for providing visual feedback to a user operating a
graphical user interface on a display using an input device, said user
having a hand, said hand defining predetermined anatomical
features, said input device including an image sensor and an input
element defining an input surface, said input element being at least
partially transparent, said graphical user interface including a
window, said method comprising:

- with said hand substantially adjacent to said input element,
acquiring a hand image of said hand through said input element
using said image sensor;

- processing said hand image to identify said predetermined
anatomical features in said hand image and associate with each
of said predetermined anatomical features a corresponding
feature location, said feature locations being indicative of a
position of said predetermined anatomical features relative to said
input surface;

- displaying cursors in said window, said cursors being each
associated with a corresponding ones of said predetermined
anatomical features, said cursors being positioned so that the
position of said cursors relative to said window corresponds to
said feature locations relative to said input surface.
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