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placed in contact With a surface. The ?nger device includes

instrumentation that captures images and gestures. When in
contact With a surface, the ?nger device captures images of
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device also transmits the images and gesture data to the com
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puter system. An application on the computer system matches
the images received from the ?nger device to a representation
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of the surface, identi?es an action associated With the surface
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representation and gesture, and executes the action. Instru
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menting the ?nger instead of the surface, allows a user to
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con?gure virtually any surface to accept touch input.
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ALWAYS-AVAILABLE INPUT THROUGH
FINGER INSTRUMENTATION
CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims bene?t of US. Provisional
Patent Application Ser. No. 61/708,790 ?led Oct. 2, 2012,
which is incorporated herein by reference in its entirety.
BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] Embodiments of the present invention generally
relate to computer input devices. More speci?cally, embodi
ments presented herein disclose a ?nger device which allows
virtually unlimited interaction with any surface.

[0004]

2. Description of the Related Art

[0005] Many electronic devices (e.g. smartphones and tab

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

So that the manner in which the above recited fea

tures of the invention can be understood in detail, a more

particular description of the invention, brie?y summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be

noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to

be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.
[0011] FIG. 1 illustrates a system con?gured to respond to
a user touching a surface with a instrumented ?nger device,
according to one embodiment.
[0012] FIG. 2 illustrates an example of a device used to
instrument a ?nger, according to one embodiment.

[0013]

FIG. 3 illustrates regions of an image of a surface,

according to one embodiment.
[0014] FIG. 4 illustrates a method for determining when a

let computers) use touch screens as a mechanism for user

?nger device is contacting a surface, according to one
embodiment.

input. For instance, tablet computers include touchscreens
that accept touch input. Tablet computers perform various

[0015] FIG. 5 illustrates a method for associating an action
to surface touches made by a user wearing an instrumented

tasks in response to different gestures and touches. A tablet

?gure device, according to one embodiment of the present

computer may interpret a swipe on the touchscreen as a com
mand to scroll though a screen. Likewise, a tablet computer
may interpret a tap on the touchscreen as a command to open

invention.
[0016] FIG. 6 illustrates a method for initiating an action

an application.

based on a user touching a surface with an instrumented ?nger

[0006] Surfaces that accept touch input (e.g. touchscreens)

device, according to one embodiment.
[0017] FIG. 7 illustrates a computing system con?gured to

rely on instrumentation to detect touch input. Typically, the

implement one or more aspects of the present invention.

surface includes an array of sensors that detect where a ?nger

DETAILED DESCRIPTION

is contacting the surface. Sensors, such as cameras, may also
be placed proximate to a surface to detect how a user touches

the surface. Instrumenting a surface to accept touch input can

be costly and complex, which limits the number of surfaces
that accept touch input.

[0018]

Embodiments presented herein provide an instru

mented device that can sense and discriminate surfaces

touched by an individual wearing the device. The instru
mented ?nger device can be used to initiate actions in
response to a user touching a surface. In one embodiment, a

SUMMARY OF THE INVENTION

[0007]

One embodiment of the invention includes a method

for initiating an action in response to a user touching a sur

face. This method may generally include receiving an image
from a device instrumenting a ?nger of the user. The ?nger is
in contact with a surface. This method may also include

identifying, from the image, the surface contacted by the
?nger of the user and matching the identi?ed surface to an
action executed by a computing device. This method may also

include executing the action.
[0008]

Another embodiment of the invention includes a

device worn on a ?nger. The device itself may comprise a
camera con?gured to capture images of a surface and a micro

user may initiate an action by performing a gesture (e.g.
tapping, swiping, or pressing) with a ?nger on a surface. The
user can interact with virtually unlimited types of surfaces.
That is, rather than instrumenting an object to receive user

input via a touch-sensitive display (or other instrumented
surface), the user instruments their ?nger. Once instrumented,
the device worn by the user senses what is being touched and

initiates actions in response. Doing so allows virtually any
given surface to be used as a trigger for some action. Accord
ingly, in one embodiment, a user wears a device on their

?nger. When the user touches a surface, the device contacts
the surface. The device may include sensors that capture
images of the surface touched by the user. When the user

touches a surface, the device transmits images of the surface

controller con?gured to detect when the ?nger of a user
wearing the device touches a surface. In response to the ?gure

to a computer system. An application running on the com
puter system receives input from the device and executes an

touching a surface, the device may (i) capture an image of the
surface and (ii) transmit the image to a computing system.
[0009] Other embodiments include, without limitation, a
computer-readable medium that includes instructions that
enable a processing unit to implement one or more aspects of
the disclosed methods as well as a system having a processor,

action in response. Signi?cantly, the action depends on what
surface is touched by the user.
[0019] To execute an action, the application matches
images received from the device to a library. If a match is
found, the application determines what action has been asso
ciated with the touched surface and executes that action.

memory, and application programs con?gured to implement

Thus, the device inverts the typical relationship between the

one or more aspects of the disclosed methods. One advantage
of the disclosed techniques is that the user is able to interact

?nger and touch input on a surface, i.e. the device instruments
the ?nger instead of the surface.
[0020] To con?gure a surface to accept touch input, the
application maps the surface to an action. The application

with a variety of surfaces without having to instrument the
surfaces.

Apr. 10, 2014

US 2014/0098067 A1

presents an interface that allows a user to map actions to

cessor, browser, spreadsheet, email client, etc. In such a case,

various combinations of surfaces and gestures.

the user could a?ix the printed markers to a surface at their
desk. When the user then touches one of the printed markers

[0021]

For example, the user could con?gure the applica

tion to answer a phone call (or mute a ringtone) when the user
touches a ?nger on a speci?c region on a shirt. When the user

with the instrumented ?nger, the touch controller 112 could
determine which printed marker the user touched and launch

touches the shirt, the device captures images of the shirt. The
device transmits the images captured when the device is
touched against a surface to the application. Continuing with
the example above, the application matches the surface of a

the corresponding application. Similarly, functions of an
application could be associated with printed markers or with

shirt with an action to answer a call (or mute a ringtone) or to

direct a call to voicemail. For example, a user could con?gure

the application to answer a call if they tap their shirt, but send
a call to voicemail if they tap their pants.
[0022] Further, the device may be able to sense gestures
made by a useribased on dynamic changes in the image
captured by the device. In such as case, the device transmits
data representing a gesture along with images of the surface to
the computer system. The application then determines an
action associated with the touched surface and the gesture
made on the surface.

[0023]

In the following description, numerous speci?c

details are set forth to provide a more thorough understanding
of the present invention. However, it will be apparent to one of

skill in the art that the present invention may be practiced
without one or more of these speci?c details. In other

different surfaces available for a user to touch.

[0028] The stored representations of each surface may
include a label, a sample image, features of the surface, and
mappings to various actions. Persons skilled in the art will
recognize that a variety of techniques may be used to extract
features of a surface shown in an image. For example, in one

embodiment, surfaces may be represented using a local

binary patterns (LBP) algorithm. Using the LBP algorithm,
the touch controller 112 detects 10 microstructures inside the
texture of the surface shown in an image. The 10 microstruc
tures are features that can be used to distinguish one surface

from another. In other embodiments, the touch controller 112
may extract features from the colors in an image of a surface.

[0029]

To better identify surfaces, the touch controller 112

may include a classi?er. Persons skilled in the art will recog

nize that a variety of techniques may be used to implement a
classi?er. For example, in one embodiment, the classi?er may
be implemented as the library for support vector machine
(LIBSVM). The touch controller 112 trains the classi?er with

instances, well-known features have not been described in
order to avoid obscuring the present invention.
[0024] FIG. 1 illustrates a system con?gured to respond to

the library. The library includes images and features of par

a user touching a surface with an instrumented ?nger device,
according to one embodiment. As shown, the system 100

ticular types of surfaces, e.g. the surface of a desk. The touch
controller 112 may present an interface through which the

includes a device 120 worn on ?nger 115 and coupled to a

user can add new surface representations and associated

computer system 110. The computer system 110 may be a
personal computer, laptop, or a mobile device, e.g. tablet,
smart phone, smart watch, or headset. Illustratively, the com
puter system 110 includes a touch controller 112. The device
120 is coupled to the touch controller 112 via a communica
tions link 105.
[0025] To detect the user touching a surface, the device 120
includes a camera that captures images. That is, when the user
contacts a surface, the camera captures images of the surface.

images or update the library with additional images for an
existing surface. Once trained, the touch controller 112 may
use the classi?er to identify a surface, based upon the features
in an image.

[0030] As noted, the touch controller 112 is also con?gured
to recognize ?ducial markers (e.g. data matrix codes) within
an image. To distinguish ?ducial markers, the touch control
ler 112 may include a decoder. For example, in one embodi

ment, the decoder may be implemented with the data matrix

When the user touches a surface, the device 120 transmits

decoding package icEveryCode.TM The decoder determines

images of the touched surface to the touch controller 112, via
communications link 105. Communications link 105 may be

whether a ?ducial marker, such as a barcode, is present. If a
?ducial marker is present, then the decoder determines a

a wired connection that transports data and power, such as a

value associated with the ?ducial marker. The touch control
ler 112 may store various ?ducial markers within the library.

USB connection. In other embodiments, the communications
link 1 05 may be a wireless connection that transports data, but
not power, such as a Bluetooth connection.

[0026]

The touch controller 112 is an application con?g

ured to execute actions in response to a user touching a

surface. That is, the touch controller 112 executes an action
associated with a touched surface. The user maps actions to

surfaces using the touch controller 112. Actions may include
commands to launch applications or send noti?cations, or a
variety of other programmatic responses to a user touching a

given surface.
[0027] In one embodiment, the computer system 110
includes a library that stores representations of surfaces. A
surface may be the natural surface of a particular object or a
surface created by a user. For example, a user might print a
series of text characters with a small font size while varying

[0031] The touch controller 112 allows a user to con?gure
a mapping from a touch on a given surface to a speci?ed
action. That is, the touch controller 112 allows a user to

con?gure how the computer system 110 should respond to
touches made by a user. The touch controller 112 may present
an interface that includes a list of surfaces and a list of actions.

The list of surfaces may include sample images and user
supplied labels for each surface. When the user selects an
action for a particular surface, the touch controller 112 maps
the selected action to the selected surface.

[0032]

As discussed, the touch controller 112 may store

mappings de?ned by the user in the library. For example, if
the user selects the action of muting the ringtone of a phone

the color or darkness of the characters to create patterns or

when the user touches the surface of a shirt, then the touch
controller 112 would store a mapping between the action of

icons. Other markers could be miniature bar codes, dot codes,

muting the ringtone and the representation of the shirt in the

?ducial markers, etc. For instance, the user could create an
icon to represent desktop applications, such as a word pro

icon made of the text characters, to the action of launching an

library. Likewise, the user could map a surface, such as an
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application. Then the user can place the icon in a convenient

of the computing device 110 to a projector. If the user then

location and launch the application by tapping the device 120

pinches the device 120 against their thumb while the touch
controller 112 remains in presentation mode, then the touch
controller 112 could advance the presentation. That is, the

on the icon.

[0033]

Once actions are mapped to surfaces, the touch con

troller 112 can execute an action when the user touches a

surface. The touch controller 112 executes an action, in
response to receiving images of a touched surface from the
device 120. To determine what action to invoke, the touch
controller 112 identi?es the touched surface based on an

image received from the device 120. The touch controller 112
identi?es the touched surface by matching an image of the
touched surface from the device 120 to the library. As dis
cussed, the touch controller 112 may use a classi?er to match
an image to a surface representation in the library. In some
cases, the touch controller 112 uses the LBP algorithm to
detect texture features in the image. The classi?er then
matches the texture features of the image to texture features of

the representation of a particular type of surface in the library.

current operating context of an application may be used to
take different actions for the same touched surface (or surface

and gesture).
[0039] While described as mapping single surfaces and
gestures to actions, in other embodiments, the touch control
ler 112 may map combinations of multiple gestures and sur
faces to actions. For example, the touch controller 112 could
display a presentation via a projector, if the user swipes from
a print-out of the presentation to a table.

[0040]

In addition, in another embodiment, the touch con

troller 112 may allow the user to de?ne custom gestures, e.g.

swiping vertically and then swiping horizontally to form a
cross or dragging the device 120 in a circle. The user maps

representations, in other embodiments, the computer system

actions to these custom gestures made on surfaces using the
touch controller 112.
[0041] FIG. 2 illustrates an example ofa device 120 used to
instrument a ?nger, according to one embodiment. The device
120 captures images of a surface and the motion of a ?nger
proximate to the surface. Once captured, the device 120 trans
mits the images to a computing system that invokes an action

Once identi?ed, the touch controller 112 executes the action

associated with the surface representation. That is, the touch
controller 112 executes an action in response to the user

touching the ?nger 115 on a surface.

[0034]

While described as including the library of surface

110 may access, via network 120, surface representations

based on the surface touched by a user. The device 120 can be

stored on a physical computing system (e.g., a system in a
data center) or a virtual computing instance executing within
a computing cloud.
[0035] In addition, the touch controller 112 may execute an

provided in a variety of form factors that can ?t on a ?nger.
For instance, the device 120 could be embedded on a ring or
thimble like structure worn on the tip of the ?nger. Doing so

action based on a gesture made on a given surface. In one

user. This ?tting also allows a user to remove the device 120

embodiment, the device 120 may include an optical ?ow

when desired, or twist the device 120 to deactivate sensing of
touched surfaces. Alternatively, the device 120 may be
embedded under a user’s ?ngernail, on the surface of the

sensor. The optical ?ow sensor evaluates images of the sur
face to determine a direction and a speed of movement, and
therefore the direction and speed of movement of a user

performing a gesture.
[0036] To recognize gestures, the touch controller 112
receives data describing the direction and speed of movement
of the device 120, the touch controller 112 compares the data

against patterns of movement to identify the gesture made by

allows the device 120 to be available, but unobtrusive to the

?ngertip, or partially implanted under the skin of the ?nger

with exposed components for sensing.
[0042] As shown, the device 120 includes a microcontroller
206 coupled to a power supply 208, a camera 202, an optical
?ow sensor 210, and a light-emitting diode (LED) 204. A
communications link 105 couples the device 120 to the com

the user. The user maps actions to gestures made on surfaces

puter system 110. As discussed, communications link 105

using the touch controller 112. That is, a surface representa

may include a wired connection that transports data and

tion may be associated with mappings, distinguished by ges

power, such as a USB connection.

ture, such that the touch controller 112 may select an action
based on (1) a surface and (2) a gesture performed on that
surface.

[0037] While described as executing commands, in other
embodiments, the actions may provide continuous control of
various parameters. For example, touch controller 112 could
turn down the volume of an audio speaker when the user

swipes the device 120 down a side of the audio speaker. The
touch controller 112 could also control a pointer on a screen

displayed by computer system 110 when the user gestures on
the back of a tablet computer. Controlling the pointer with

[0043]

The power supply 208 is con?gured to distribute

power to the various components of the device 120. The
power supply 208 may receive power from the computer
system 110 via communications link 105. For instance, the
communications link 105 may include a USB connection that

carries power. In other embodiments, the power supply 208
may produce or store power. For instance, the power supply
208 may include a rechargeable battery. The power supply
208 may also include circuitry to harvest ambient power from
the surrounding environment, e.g. the body or motion of the
user.

gestures on the back of a tablet computer allows the user to

[0044]

interact with the tablet computer without occluding the

of a surface with camera 202. In one embodiment, the camera

screen.

202 may be a micro red green blue (RGB) camera, e.g. the
AWAIBA NanEye micro RGB camera. The small form factor

[0038] In still other embodiments, the actions may change
between different operating modes. For example, when in a
normal mode the touch controller 112 could launch a word
processing application if the user taps on a table. However, if
the user taps on a print-out of a presentation, the touch con
troller 112 could enter a presentation mode. If the user taps on
a table while the touch controller 112 is in this presentation

mode, then the touch controller 112 could couple the display

In one embodiment, the device 120 captures images

of camera 202 allows it to ?t in the device 120. The camera

202 captures an image in response to receiving a signal from
the microcontroller 206. The camera 202 can provide an

image to the microcontroller 206 as collections of pixels, e. g.,

a 248x248 pixel image. Depending on the position of the
camera 202 relative to other components of the device 120,

the borders of the captured images may include artifacts, e. g.,
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shadows. As discussed below, the touch controller 112 may
crop images captured by the camera 202 to remove such
artifacts.
[0045] In one embodiment, the device 120 captures ges
tures with the optical ?ow sensor 210. As discussed, the
optical ?ow sensor 210 is con?gured to detect motion across
a surface. The optical ?ow sensor 210 may include a high
speed but low-resolution camera. In one embodiment, the
optical ?ow sensor 210 may be an ADNS 2620 optical ?ow
sensor, commonly used in optical mice. When proximate to a

surface, the optical ?ow sensor 210 detects motion by rapidly

capturing images of the surface, identifying differences
between the images, and calculating a direction and speed of
movement based upon the differences. The optical ?ow sen
sor 210 may transmit the direction and speed of movement as
a series of coordinates, using an initial point of contact with
the device. After the initial point of contact, coordinates are

provided that indicate changes in position relative to the ini
tial point of contact.
[0046] In other embodiments, a mechanical device (e.g. a
trackball) or an accelerometer may be used in place of the
optical ?ow sensor 210. Although described as distinct com

ponents, in still other embodiments, the camera 202 and opti
cal ?ow sensor 210 may be combined into a single component

with a camera capable of capturing high-resolution images at

[0051]

Although discussed as transmitting data to the com

puter system 110, in other embodiments, the device 120 may
also receive instructions or data from the computer system
110. The computer system 110 may instruct the microcon

troller 206 to continually retrieve and transmit image data,
whether the device 120 is contacting a surface or not. For
instance, the device 120 could enable a user to look under an

object by continually retrieving and transmitting image data
while the user holds their ?nger under the object. In such a

case, the computer system 110 would display the image data
to the user.

[0052] In other embodiments, the device 120 may commu
nicate with other devices. For instance, the device 120 may
send data encoded in Morse code by blinking the LED 204.
The device 120 may also receive data by identifying a pattern

of blinking light in the images that the camera 202 captures.
[0053] FIG. 3 illustrates regions of an image 300 of a sur
face, according to one embodiment. The camera 202 captures

the image 300, which the microcontroller 206 and touch
controller 112 analyze. Instead of analyzing the entire image,
the microcontroller 206 and touch controller 112 may more

ef?ciently analyze regions within the image. As shown, the
image 300 includes two such regions, illustrated as a ?eld of
view 302 and a contrast region 304.

high-speeds.

[0054]

[0047]

images captured by the camera 202 to determine whether the

When the ?nger is pressed against a surface, the

As discussed, the microcontroller 206 analyzes

ambient lighting may be insuf?cient for the camera 202 and

device 120 has contacted a surface. The microcontroller 206

optical ?ow sensor 210 to capture images. Accordingly, the

may optimize this determination by analyzing the contrast
region 304 of each image, instead of the entire image. If the

LED 204 provides light for the camera 202 and optical ?ow
sensor 210. The camera 202, optical ?ow sensor 210, and
LED 204 are positioned proximate to one another in the
device 120.

image is 248x248 pixels, then the contrast region 304 may be
60x60 pixels. Since the contrast region 304 includes fewer
pixels, the microcontroller 206 can perform an analysis more

[0048] The microcontroller 206 is con?gured to control the
operation of the camera 202, optical ?ow sensor 210, and
LED 204. The microcontroller 206 also retrieves data from

ef?ciently.

the camera 202 and optical ?ow sensor 210. The microcon
troller 206 may process the data retrieved from the camera
202 and optical ?ow sensor 210.

is contacting a surface, by converting color images from the

[0049]

For instance, the microcontroller 206 may process

images from the camera 202 to determine when the device
120 is contacting a surface. To do so, the microcontroller 206
continually retrieves images from the camera 202. The micro
controller 206 determines whether the device 120 is contact

ing a surface by identifying changes in contrast between
subsequent images. The microcontroller 206 may determine
the contrast within a region of the image by averaging a
square difference between each pixel and a neighboring pixel
in the region. When the contrast of an image is more than

twice the contrast of the previous image, the microcontroller
206 determines that the device 120 initially contacts a surface.
When the device 120 contacts a surface, the microcontroller

20fs6 continues to analyze the contrast. The microcontroller
206 determines that the device 120 is no longer contacting a
surface when the contrast of the current image is less than a
threshold value. Alternatively, the device 120 may include a
switch that activates when the device 120 touches a surface.
[0050] While the device 120 contacts a surface, the micro

controller 206 transmits images (and gesture data) to the
computer system 110. As discussed, the computer system 110
analyzes this information to determine which action (if any)
to execute. Thus, the device 120 initiates actions by detecting
contact with a surface and transmitting images to the com

puter system 110.

[0055] In other embodiments, the microcontroller 206 may
further optimize the determination of whether the device 120
camera 202 to grayscale images. The microcontroller 206

may perform this conversion because grayscale images are
typically faster to analyze than color images. The microcon
troller 206 may also transmit the smaller grayscale images to
the touch controller 112 instead of the color images.
[0056]

The touch controller 112 selects an action to execute

when the user touches a surface, by identifying the touched
surface. The touch controller 112 identi?es the touched sur

face by matching images of the touched surface from the
device 120 to a library. As discussed, the touch controller 112
matches an image to the library according to the features in
the image. However, depending on the position of the camera
202 and other components within the device 120, the edges of
the image 300 may include various artifacts (e.g. shadows or
wires). These artifacts may prevent the touch controller 112
from accurately identifying the surface shown in an image.
Therefore, the touch controller 112 may analyze the features
shown within the ?eld of view 302 instead of the entire image
300.

[0057]

FIG. 4 illustrates a method for determining when a

?nger device is contacting a surface, according to one
embodiment. Although the method steps are described in
conjunction with the system of FIG. 1 and FIG. 2, persons
skilled in the art will understand that any system con?gured to
perform the method steps, in any order, is within the scope of
the present invention.
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[0058]

As shown, method 400 begins at step 405, where the

microcontroller 206 retrieves a current image from the cam

era 202. As noted, the image itself may comprise an array of

pixel values.
[0059] At step 410, the microcontroller 206 determines a
contrast of the current image. As discussed, the microcontrol
ler 206 may determine the contrast by averaging the squared
difference between each pixel and a neighboring pixel within
a region of the current image. The microcontroller 206 may
determine the contrast within the contrast region 304.
[0060] At step 415, the microcontroller 206 determines if
the device 120 is contacting a surface. To determine when the
device 120 initially contacts a surface, the microcontroller
206 compares the contrast of the current image to the contrast

of the previous image. The microcontroller 206 continually
retrieves images and calculates the contrast for the images.
The microcontroller 206 also stores the contrast of the previ
ous image for comparison. If the microcontroller 206 does not

yet have the contrast of the previous image stored, then the
microcontroller 206 determines that the device 120 is not
contacting a surface. If the contrast of the current image is less
than or equal to twice the contrast of the previous image, then
the device 120 is not contacting a surface. However, if the
contrast of the current image is more than twice the contrast of
the previous image, then the device 120 is contacting a sur
face.
[0061] While the device 120 remains in contact with a
surface, the microcontroller 206 compares the contrast of the
current image to a threshold value. If the device 120 has been
contacting a surface and the contrast is less than the threshold

value, then the device 120 is no longer contacting the surface.
If the device 120 has been contacting a surface and the con
trast is greater than or equal to the threshold value, then the
device 120 is still contacting the surface. If the microcontrol
ler 206 determines that the device 120 is not in contact with a

surface, then the method 400 returns to step 405. Otherwise,
the microcontroller 206 determines that the device 120 is in
contact a surface and the method 400 proceeds to step 420.
[0062] At step 420, the microcontroller 206 determines
movement of the device 120 relative to the surface. As noted,
an optical ?ow sensor 21 0 may be used to track the movement
of the device 120 across a surface. In this case, the microcon

troller 206 retrieves coordinates representing the movement
of the device 120 from the optical ?ow sensor 210.
[0063] At step 425, the microcontroller 206 transmits
image and coordinates to the computer system 110. While the
device 120 is contacting a surface, the microcontroller 206
continues to retrieve and transmit images to the computer
system 110. The series of coordinates transmitted by the
microcontroller represents the gesture of the ?nger on a sur
face.
[0064] FIG. 5 illustrates a method for associating an action
to surface touches made by a user wearing an instrumented

?gure device, according to one embodiment of the present
invention. Although the method steps are described in con

junction with the system of FIG. 1 and FIG. 2, persons skilled
in the art will understand that any system con?gured to per
form the method steps, in any order, is within the scope of the
present invention.
[0065] As shown, method 500 begins at step 505, where the
touch controller 112 receives a training or reference image of

would then capture an image of the desk and transmit that
image to the touch controller 112 as a training image.

[0066] At step 510, the touch controller 112 displays the
training image and a list of actions. At step 515, the touch
controller 112 receives input specifying an action to associate
with the surface shown in the training image. In addition, the
user may also specify a gesture required for the action. For
instance, if the user would like a word processor to launch

each time the device 120 swipes the displayed surface, then
the user would select the swipe gesture and the action of

launching the word processor.
[0067] At step 520, the touch controller 112 maps a surface
representation to the speci?ed action. The touch controller
112 determines features of the surface shown in the training
image. The touch controller 112 may determine features from
the texture of the surface shown in the training image. The
touch controller 112 then adds the texture features, training
image, and speci?ed action to a library. As discussed, the
touch controller 112 may include a classi?er. The touch con
troller 112 may train the classi?er on the texture features

extracted from the training image. Doing so trains the classi
?er to identify a surface representation (and associated
action) when the touch controller 112 receives subsequent
images of the surface from the device 120.
[0068] In addition, the touch controller 112 may associate
various actions to gestures on a surface. The touch controller

112 may add the gesture to the library. As such, when the
touch controller 112 identi?es a surface representation, the
touch controller 112 may further distinguish an action to
execute based upon a gesture received from the device 120.
For example, tapping on the surface of a desk could be
mapped to the action of opening a word processor, but the
swiping across the desk could be mapped to saving a docu
ment that is open in the work processor.
[0069] FIG. 6 illustrates a method for initiating an action
based on a user touching a surface with an instrumented ?nger

device, according to one embodiment. Although described in
conjunction with the system of FIG. 1 and FIG. 2, persons
skilled in the art will understand that any system con?gured to
perform the method steps, in any order, is within the scope of
the present invention.
[0070] As shown, method 600 begins at step 605, where the
touch controller 112 receives an image when the device 120
contacts a surface. The image includes suf?cient detail for the
touch controller 1 12 to determine features of the texture of the
surface. As discussed, the touch controller 112 may also
receive coordinates representing the motion of the device 120
on the surface.

[0071] At step 610, the touch controller 112 matches the
image to a surface representation in a library. As discussed,
the touch controller 112 may extract texture features from the
image. The touch controller 112 may then use a classi?er to

identify a surface representation in the library, based on the
extracted texture features. As noted, the image may include
?ducial markers. Accordingly, the touch controller 112 may
includes a decoder capable of recogniZing a ?ducial marker.
Once recognized, the touch controller 112 identi?es a surface
representation based on the ?ducial marker.
[0072] At step 615, the touch controller 112 determines if
an action is associated with the surface representation. If there
is not an action associated with the surface representation,
then the method 600 ends. Otherwise, if the is an action

a surface from the device 120. For example, a user may touch

associated with the surface representation, then at step 620,

the surface of their desk with the device 120. The device 120

the touch controller 112 executes the associated action. The
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associated action may include a command (e.g. launching an
application or sending a noti?cation), or a variety of other
programmatic responses to a user touching the surface.

[0073]

As noted above, the surface may be associated with

actions, distinguished by gestures. The touch controller 112
may therefore determine a gesture from coordinates received

in step 605. After determining the gesture, the touch control
ler determines if an action is associated with the gesture on the
surface.

and can be contained on a variety of computer-readable stor

age media. lllustrative computer-readable storage media
include, but are not limited to: (i) non-writable storage media
(e.g., read-only memory devices within a computer such as
CD-ROM disks readable by a CD-ROM drive, ?ash memory,
ROM chips or any type of solid-state non-volatile semicon

ductor memory) on which information is permanently stored;
and (ii) writable storage media (e.g., ?oppy disks within a
diskette drive or hard-disk drive or any type of solid-state

730, each connected to an interconnect (bus) 740. The com
puting system 110 may also include an l/O device interface

random-access semiconductor memory) on which alterable
information is stored.
[0079] The invention has been described above with refer
ence to speci?c embodiments. Persons skilled in the art, how
ever, will understand that various modi?cations and changes
may be made thereto without departing from the broader
spirit and scope of the invention as set forth in the appended

770 connecting l/O devices 775 (e.g., keyboard, display,

claims. The foregoing description and drawings are, accord

mouse, three-dimensional (3D) scanner, and/ or touchscreen)
to the computing system 110. Further, in context of this dis

ingly, to be regarded in an illustrative rather than a restrictive

[0074]

FIG. 7 illustrates a computing system con?gured to

implement one or more aspects of the present invention. As

shown, the computing system 110 includes, without limita
tion, a central processing unit (CPU) 760, a network interface
750 coupled to a network 755, a memory 720, and storage

closure, the computing elements shown in computing system
110 may correspond to a physical computing system (e.g., a
system in a data center) or may be a virtual computing

sense.

We claim:
1. A method for initiating an action in response to a user

touching a surface, the method comprising:

instance executing within a computing cloud.
[0075] The CPU 760 retrieves and executes programming

receiving an image from a device instrumenting a ?nger of
the user, wherein the ?nger is in contact with a surface;

instructions stored in the memory 720 as well as stores and

retrieves application data residing in the storage 730. The

identifying, from the image, the surface contacted by the
?nger of the user;

interconnect 740 is used to transmit programming instruc
tions and application data between the CPU 760, 1/0 devices

matching the identi?ed surface to an action executed by a

interface 770, storage 730, network interface 750, and
memory 720. Note, CPU 760 is included to be representative

of a single CPU, multiple CPUs, a single CPU having mul
tiple processing cores, and the like. And the memory 720 is
generally included to be representative of a random access
memory. The storage 730 may be a disk drive storage device.
Although shown as a single unit, the storage 730 may be a

computing device; and
executing the action.
2. The method of claim 1, wherein identifying the surface

comprises:
identifying one or more features from the image; and
identifying a matching of a surface representation in a

library based upon the identi?ed features.
3. The method of claim 2, wherein identifying the surface

combination of ?xed and/or removable storage devices, such
as ?xed disc drives, removable memory cards, or optical
storage, network attached storage (NAS), or a storage area

representation in a library comprises passing the identi?ed

network (SAN).

the identi?ed features.

[0076] lllustratively, the memory 720 includes the touch
controller 112, various surface representations 724, actions
726, and mappings 728. The various surface representations

comprises:

724 may be included within a library, not shown. The touch
controller 112 includes a con?guration tool 722 that creates

the mappings 728 between the surface representations 724
and actions 726. The con?guration tool 722 may create the

mappings based upon user input. As discussed, the con?gu
ration tool 722 may map multiple actions, such as action
726-2 and 726-3 to a single surface representation 724-2. The
various mappings may be associated with gestures or modes
of the touch controller 112. Thus, the touch controller 112
identi?es an action to execute based upon the surface that the
user contacts, the gesture made on the surface, and the mode
of the touch controller 112.

[0077]

The storage 730 includes various applications 732.

An action may include commands to launch an application.
For instance, the action 726-1 may include commands to

launch application 732-2. The touch controller 112, thereby,
launches the application 732-2 in response to the user inter

features to a classi?er, wherein the classi?er is con?gured to

predict the surface representation in the library based upon
4. The method of claim 2, wherein retrieving the image
determining when the device is in contact with the surface;
and
capturing the image in response to the device contacting
the surface.
5. The method of claim 2, wherein the identi?ed features
include features of a texture shown in the image.

6. The method of claim 1, wherein matching the identi?ed
surface to the action further comprises:
determining a gesture made by the user while touching the

identi?ed surface; and
identifying the action based on the identi?ed surface and

the gesture.
7. The method of claim 6, wherein determining the gesture

comprises:
capturing one or more coordinates identifying an initial

position for a coordinate system and then subsequent
movement relative to that initial position;

acting with surface 724-1, which is mapped to action 726-1.
[0078] One embodiment of the invention may be imple

identifying the gesture from the one or more coordinates.

mented as a program product for use with a computer system.

tions that, when executed by a processor, cause the processor
to perform an operation for initiating an action in response to
a user touching a surface, the method comprising:

The program(s) of the program product de?ne functions of
the embodiments (including the methods described herein)

8. A computer-readable storage medium storing instruc
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receiving an image from a device instrumenting a ?nger of
the user, wherein the ?nger is in contact with a surface;

identifying, from the image, the surface contacted by the
?nger of the user,

identifying, from the image, the surface contacted by the
?nger of the user;

matching the identi?ed surface to an action executed by
a computing device, and

matching the identi?ed surface to an action executed by a

executing the action.
16. The system of claim 15, wherein identifying the surface

computing device; and
executing the action.
9. The computer readable storage medium of claim 8,
wherein identifying the surface comprises:
identifying one or more features from the image; and
identifying a matching of a surface representation in a

library based upon the identi?ed features.
10. The computer readable storage medium of claim 9,
wherein identifying the surface representation in a library
comprises passing the identi?ed features to a classi?er,
wherein the classi?er is con?gured to predict the surface
representation in the library based upon the identi?ed fea
tures.

11. The computer readable storage medium of claim 9,

wherein retrieving the image comprises:
determining when the device is in contact with the surface;
and
capturing the image in response to the device contacting
the surface.
12. The computer readable storage medium of claim 9,
wherein the identi?ed features include features of a texture

shown in the image.
13. The computer readable storage medium of claim 8,
wherein matching the identi?ed surface to the action further

comprises:
determining a gesture made by the user while touching the
identi?ed surface; and
identifying the action based on the identi?ed surface and
the gesture.
14. The computer readable storage medium of claim 13,

wherein determining the gesture comprises:
capturing one or more coordinates identifying an initial

position for a coordinate system and then subsequent
movement relative to that initial position; and
identifying the gesture from the one or more coordinates.

15. A computer system, comprising:
a memory; and
a processor storing one or more programs con?gured to

perform an operation for initiating an action in response
to a user touching a surface, the method comprising:

receiving an image from a device instrumenting a ?nger
of the user, wherein the ?nger is in contact with a

surface,

comprises:
identifying one or more features from the image; and
identifying a matching of a surface representation in a

library based upon the identi?ed features.
17. The system of claim 16, wherein identifying the surface
representation in a library comprises passing the identi?ed
features to a classi?er, wherein the classi?er is con?gured to

predict the surface representation in the library based upon
the identi?ed features.

18. The system of claim 16, wherein retrieving the image

comprises:
determining when the device is in contact with the surface;
and
capturing the image in response to the device contacting
the surface.
19. The system of claim 16, wherein the identi?ed features
include features of a texture shown in the image.

20. The system of claim 15, wherein matching the identi
?ed surface to the action further comprises:
determining a gesture made by the user while touching the

identi?ed surface; and
identifying the action based on the identi?ed surface and
the gesture.
21. The system of claim 20, wherein determining the ges
ture comprises:
capturing one or more coordinates identifying an initial

position for a coordinate system and then subsequent
movement relative to that initial position; and
identifying the gesture from the one or more coordinates
22. A device worn on a ?nger, comprising:
a camera con?gured to capture images of a surface; and
a microcontroller con?gured to detect when the ?nger of a

user wearing the device touches a surface and, in

response, (i) capture an image of the surface and (ii)
transmit the image to a computing system.
23. The device of claim 22, wherein the microcontroller is
further con?gured to measure a relative movement of the

?nger device while in contact with the surface.
*
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